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ABSTRACT 
 
 
Askja is a caldera volcano located in central Iceland that was glaciated approximately 
70,000 to 10,500 years ago. Askja’s basaltic lavas have been classified into one preglacial, 
six glacial, one Early Holocene and thirteen historical eruptive units. The purpose of this 
study was to use mineral compositions and textures from basaltic lavas to reconstruct magma 
chamber conditions before, during and after glaciation. 
 In this study, 36 lava flow and gabbro xenolith samples were collected from seven 
separate units: two glacial, the Early Holocene, and four historical. These samples were 
analyzed along with a select number of pre-existing samples. The data collected from this 
study were combined with previous data to create larger data sets of X-ray fluorescence 
spectroscopy, inductively coupled plasma mass spectrometry, and electron probe mineral 
composition data for Askja throughout the preglacial to historical time periods. The 
composition of data collected displays a number of trends that indicate crystal cargo and 
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magma composition have changed as a result of magma residence time and magma 
production rates at Askja.  
Evidence of change in the crystal cargo and magma storage over the deglaciation at 
Askja includes the glacial units containing larger phenocrysts called megacrysts and many 
more phenocrysts than any other time period. This classifies the lavas as plagioclase 
ultraphyric basalts. There is also evidence of magma recharge into a storage area that 
occurred to produce the compositional characteristics of Askja’s basalts. Mineral chemistry 
diversity including bimodal plagioclase compositions reflect multistage crystal growth 
histories. The diversity is also supported by two populations of gabbro xenoliths in the 
glacial deposits. Clinopyroxene and olivine crystals are less abundant but also display 
variability within individual eruptive units. 
Pressure from 900 m of ice on top of Askja may have contributed to some of these 
changes. Plagioclase ultraphyric basalts are created in magma chambers at greater depths 
with longer residence times that are favorable to crystal growth. In future projects, further 
investigation could involve melt inclusion analysis and geothermobarometry to constrain 
specific depths and pressures at which the crystals in the lavas formed. By investigating 
mineral compositions and textures and analyzing the implications on crystal cargo and 
magma storage throughout a period of glaciation, the full impact of a glacier on a volcanic 
system can continue to be uncovered.  
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CHAPTER 1. INTRODUCTION 
Askja Volcano in Iceland is presently and historically relevant to the study of the 
interaction between glaciers and volcanoes. To better understand the interaction of these 
forces and the resulting effects, it is necessary to examine deposits from late glacial, post 
glacial, and historic eruptions. These deposits and their mineralogical components can 
provide insight into how the magma beneath Askja behaved prior to and during an eruption.  
Ice or snow-capped volcanoes can cause hazards and climate impacts under the right 
conditions. Melting ice can cause lahars, or mudflows, and the depressurization of volcanoes 
due to melting ice has been shown to cause an increase in volcanic activity (Sigmundsson et 
al., 2010). Previously glaciated volcanoes can provide valuable insight into the effects of ice 
on volcanoes. This research will help motivate interest in the impact of melting volcanic ice 
caps worldwide and start to understand the climate-related hazards that these ice-covered 
volcanoes could create.  
Part of understanding the influence of glaciers on volcanoes is to reconstruct 
changing conditions within the crustal magma reservoirs that reside beneath active 
volcanoes. The crystal cargo of basaltic lavas at Askja volcano provide a chance to 
reconstruct the influence of ice on these magmatic conditions during glacial and nonglacial 
periods. The crystal cargo of basaltic eruptions over the last 70,000 years at Askja reflect 
variable conditions in the magma reservoirs beneath Askja that correlate with Askja’s 
deglaciation story. The influence of glacial accumulation and melting on the Askja system 
can be determined by tracing the movement of magma beneath the volcano using mineral 
chemistry and measuring volumes of erupted magma.  
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1.1 Askja Background 
1.1.1 Tectonic Setting 
Askja is located in central Iceland, where the Mid Atlantic Ridge and the Iceland hot 
spot meet (Graettinger et al., 2019; Figure 1.1). Iceland is broken up into different volcanic 
zones, with Askja located in the Northern Volcanic Zone, or NVZ (Hartley, 2012). The NVZ 
is in central Iceland and Askja is one of five systems in that zone (Graettinger et al., 2019; 
Greenfield et al., 2016; Hartley, 2012). Askja stretches over a north-south distance of 
approximately 200 km (Hartley et al., 2016).  
Askja contains a compilation of many volcanic structures due to repeated eruptions 
and the interaction of water (Graettinger et al., 2019). The largest glaciovolcanic massif at 
Askja is Austurfjöll and the central volcano in the Askja system contains at least three nested 
calderas at the top (Graettinger et al., 2019, 2013; Hartley, 2012). Today, the surface of 
Askja is composed mainly of basaltic lavas such as subglacial and subaqueous pillow lavas 
and hyaloclastites (Graettinger et al., 2019; Hartley, 2012). Deposits from before, during and 
after the glacial period can be found around the volcano (Graettinger et al., 2019).  
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Figure 1.1 Historical deposits color-coded based on Hartley et al., 2016 modified in Google 
Earth Pro. The inset map and red indicator specify the location of Askja within central 
Iceland. 
 
1.1.2 Eruption History 
The different eruptions at Askja have been broken out into different units based on 
the glacial period when they erupted. The preglacial and glacial units have been specified by 
Graettinger (2012) as Units 1 through 7, and an Early Holocene unit follows the glacial units. 
The postglacial eruptions have been classified into colors based on age by Hartley et al 
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(2016) (Figure 1.1). The glacial advance occurred after Unit 1 and the glacier retreated 
following Unit 7 (Figure 1.2).  
Preglacial activity and resulting flows are mostly covered by glacial and postglacial 
deposits. However, there are some glacially scoured subaerial lava flows that are exposed 
(Graettinger et al., 2019). These flows are the lowest stratigraphic deposits exposed at 
Austurfjöll and are expansive, spreading approximately 30 km2 (Graettinger et al., 2019). 
Further evidence of subaerial deposits indicates that vents may have grown and risen above 
an aqueous surface, but that there was no subaerial activity that lasted for an extended period 
of time (Graettinger et al., 2019).  
 
 
 
 
 
 
Figure 1.2. Timeline constructed using units Graettinger, 2012 and Hartley et al., 2016. 
Number of samples available as of 2019 are below the respective unit. Historical years are 
before present.  
*Blue historical unit data from Aline Blasizzo (Blasizzo et al., 2019) 
 
During the period of glaciation at Askja, basaltic eruptions produced a variety of 
cohesive and fragmental lithofacies (Graettinger et al., 2019). These lithofacies include ash 
5 
 
tuff, lapilli tuff, breccia and lavas, and specifically pillow lavas (Graettinger et al., 2019). The 
thickness and coverage of the ice varied during the glaciation, and this is evidenced by 
localized ice-contact facies, diamictons and paleowater levels seen around Austurfjöll 
(Graettinger et al., 2019).  
The latest deglaciation of Iceland began at around 15.5 ka and Askja has been free of 
ice since 10.3 to 10.5 ka (Hartley et al., 2016).  During that time there were several glacial 
advances and retreats that changed the Icelandic landscape (Hartley et al., 2016). Postglacial 
deposits are primarily basaltic and include fissures, rows of cones and isolated vents 
(Hartley, 2012, Figure 1.3). 
Evidence of two rhyolitic explosive eruptions in the form of tephra has also been 
found from 10,000 and 1875 AD (Hartley, 2012). It has been hypothesized that all 
postglacial lava flows that are currently exposed are younger than 7.2 ka due to the absence 
of a widespread marker tephra from an eruption at Hekla (Hartley et al., 2016). Since 1876 
there have been a number of smaller basaltic eruptions in and around the caldera (Hartley, 
2012). There have been at least seven of these eruptions and they tended to erupt lower 
volumes of material (Hartley, 2012). Askja has not erupted since 1961, however there have 
been some periods of elevated seismic activity (Hartley, 2012). 
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Figure 1.3 Postglacial eruption deposits as documented by and modified from Hartley et al., 
2016.  
 
Continuous geophysical monitoring has been going on at Askja almost every year 
since 1968 despite the remoteness of the volcano (de Zeeuw-van Dalfsen et al., 2013). This 
monitoring has revealed continuous deflation of Askja since 1983 (de Zeeuw-van Dalfsen et 
al., 2013, 2005; Pagli et al., 2006; Sturkell and Sigmundsson, 2004). This has been 
interpreted as tectonic spreading ridge activity and the draining of a shallow body of magma 
into a deeper chamber (de Zeeuw-van Dalfsen et al., 2005).   
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More recent variations such as small net gravity increases and an increase in 
microseismicity have been interpreted as possible small injections of magma or migrating 
magma as a result of the spreading of the North American and Eurasian tectonic plates 
(Brown et al., 1991; Key et al., 2011; Rymer and Tryggvason, 1993; Soosalu et al., 2010). In 
particular, these increases between 2007 and 2009 were found to be consistent with the idea 
of magma accumulation beneath the surface (Rymer et al., 2010). More recent activity at 
Askja includes localized deformation and elevated seismic rates from August to September 
of 2014 (Global Volcanism Program and USGS, 2014). This period of higher activity levels 
caused the USGS to change the activation color code to yellow for the duration of the 
elevated activity (Global Volcanism Program and USGS, 2014).  
1.2 Magma Storage at Askja 
Askja is located at the intersection of tectonic rifting and a hot spot, and the majority 
of lavas erupted at Askja are mafic as influenced by the rifting (Thordarson and 
Hoskuldsson, 2008; Figure 1.4). The geophysical studies mentioned above by de Zeeuw-van 
Dalfsen et al., 2005 found that the best model for the subsidence of the Askja caldera is a 
shallow magma chamber draining into a deeper one. These multiple depths of crystallization 
would have a large impact on the crystal cargo of a magma, particularly if the magma was 
remaining in the storage chamber for an extended period of time. Long residence times 
contribute to the growth of large crystals and the formation of plagioclase ultraphyric basalts 
(Cullen et al., 1989; Óskarsson et al., 2017). Crystal cargo, magma residence times and 
multiple magmas mixing could all have had an impact on eruptions at Askja. 
Geothermobarometers can be used to learn more about pressure and temperature regimes 
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where the crystals in a lava were growing to better constrain some of the magma chamber 
conditions.  
 
 
 
 
 
 
 
 
 
 
Figure 1.4. The tectonic plate boundaries in Iceland with the location of Askja. Plate 
boundaries from the USGS, modified in Google Earth.  
 
Geothermobarometers can be used to look deeper into a magma chamber, assuming 
that the magma has undergone some cooling and crystallization while in a storage chamber 
(Putirka, 2008). The plumbing system of a volcano guides magma towards the surface, and 
phenocrysts are transported up through the volcano, growing in equilibrium with the 
surrounding magma. This equilibrium creates change in compositions that can be correlated 
to temperature and pressure regimes.  
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Barometers and thermometers when used correctly can calculate pressure and 
temperature to within 1.5 kbar and 30°C (Putirka, 2008). When calculating any 
geothermobarometers, it is critical that the components in the sample are calculated in the 
exact same way as originally dictated for the thermometer or barometer (Putirka, 2008). 
Liquid components or glass is calculated in wt %, whereas mineral components are usually 
calculated using the numbers of “cations per formula unit” which comes from the “cation 
fractions” which occasionally takes charge balance constraints into consideration (Putirka, 
2008). When using a barometer, pressure is reported in GPa and temperature is commonly 
reported in degrees centigrade (°C) or Kelvins (K) (Putirka, 2008). Sources of error include 
model error resulting from experimental error, and disequilibrium and the results of open 
systems when calculating for natural magmas as opposed to experimental (Putirka, 2008).  
The way geothermobarometers are used to determine temperature and pressure 
constraints involves using the composition of different minerals and glass that formed in 
equilibrium to determine the growth setting of that crystal. There need to be at least two 
useable minerals or glass in order to create a comparison to constrain different boundaries 
(Putirka, 2008). Some geothermobarometer pairs include olivine-liquid, feldspar-feldspar, 
orthopyroxene-orthopyroxene and orthopyroxene-liquid, and many others involving other 
mafic minerals (Table 1.1, Putirka, 2008).  
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Table 1.1 List of geothermometers and barometers separated by minerals required. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Minerals Thermobarometers Thermometry only Barometry only 
Olivine Olivine - Liquid     
Feldspar Plag - Liquid     
  Alkali Feldspar - Liquid   
    Two-feldspar (Albite – Plag) 
Pyroxene Opx and Opx - Liquid     
  Opx - Cpx     
  Cpx and Cpx - Liquid     
  Jadeite-in-Cpx - Liquid     
Other     silica activity 
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CHAPTER 2. METHODOLOGY 
2.1 Field Methodology 
Field work was conducted for two weeks at Askja with the main purpose of sample 
collection and deposit description. A total of 36 basaltic lava flow and xenolith hand samples 
were collected from two glacial and five postglacial units. The xenoliths were collected from 
Unit 5 glacial deposits. Lithofacies descriptions, field photographs and GPS coordinates were 
used to document each sample collection location. Additional samples from(Graettinger 
(2012) were used to supplement preglacial and glacial analyses.  
2.2 Laboratory Methodology 
41 samples were prepared and sent to National Petrographic Service, Inc (Rosenburg, 
TX) to be made into polished thin sections. Petrographic analysis was used to quantify 
crystal and vesicle sizes and textures. 14 lava samples were also prepared and sent to 
Washington State University GeoAnalytical Laboratory (Pullman, WA) for bulk rock and 
trace element analysis using X-ray fluorescence (XRF) and inductively coupled plasma mass 
spectrometry (ICP-MS).  
 19 total polished thin sections of 15 lavas and 4 xenoliths were taken to the 
University of Iowa to use the Jeol JXA-8230 Electron Probe Microanalyzer. Samples were 
carbon coated and analyzed for phenocryst and microlite element compositions, with a focus 
on plagioclase. Point composition analyses and backscatter images were collected for each 
sample. An #s were calculated for the oxide ratios of Ca to Ca, Na, and K for plagioclase, 
and Mg # was calculated for the elemental ratio of Mg to Mg and Fe for clinopyroxene and 
olivine.  
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2.3 Computational Methodology 
Google Earth Pro was used for digitizing the units mapped by Hartley et al. (2012) 
and Graettinger (2012). Imagery from ArcMap v.10.6 and Google Earth Pro (Digital Globe 
base map) was used for field navigation. Phenocryst false color modified images from the 
electron microprobe and size measurements were made in ImageJ (Figure 2.1). Crystal sizes 
were measured from photomicrographs using that photo software.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 This photomicrograph shows how ImageJ software was used to enhance the Na 
zoning in a plagioclase from glacial Unit 6 (AG298).  
200 um 
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CHAPTER 3. RESULTS 
3.1 Rock Descriptions 
3.1.1 Preglacial 
 Exposed preglacial units primarily include subaerial scoriaceous and locally scoured 
lavas and are the lowest stratigraphic unit exposed at Askja (Graettinger et al., 2019, Figure 
3.1). A total of three preglacial samples were analyzed, all collected prior to this project in 
Units 1A and 1B from Graettinger, 2012. The samples contain <1% visible phenocrysts that 
are less than 1.5 mm in length. The samples are up to 50% vesicles that are mainly 
convoluted and occasionally filled with palagonite. The groundmass is primarily tachylite 
glass with plagioclase lath microlites (Figure 3.2). The samples also contain glomerocrysts of 
plagioclase and clinopyroxene (Figure 3.2).  
 
 
 
 
 
 
 
 
 
Figure 3.1. Field photo of preglacial lava flow with scoriaceous top locally scoured. Photo 
credit: Alison Graettinger.  
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Figure 3.2. Sample AG8 (A, B) as an example of preglacial lava phenocrysts, microlites and 
textures. A preglacial example of glomerocrysts (C, D) from sample AG56 containing 
plagioclase laths and clinopyroxene. Top images (A, C) are in plane light and bottom images 
(B, D) are under cross polarization. 
 
3.1.2 Glacial 
The glacial units are the subaqueous deposits at Askja that erupted after the glacial 
advance. The sampled lavas are made up of pillow lavas and lobate flows and comprise Units 
2 through 7 in Graettinger, 2012 (Figure 3.3). A total of 14 glacial lava samples were 
analyzed, with eight of the samples previously collected from Units 2, 5 and 6 (Figure 3.4). 
A 
B D 
C 
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The samples range from 5 to 50% plagioclase, clinopyroxene and olivine phenocrysts that 
display multiple generations of zoning (Figure 3.5 A) and sieve textures (Figure 3.5 B). 
Vesicle percent ranges from <1 to 50% and vesicles range from collapsed to circular, with a 
few containing palagonite. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3. Field photo of a Unit 6 glacial pillow lava breccia outcrop with visible 
plagioclase phenocrysts. 
 
 
 
 
12 cm 
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Figure 3.4. This is the hand sample AS011 from the Unit 6 glacial pillow lava breccia 
containing visible plagioclase phenocrysts.  
 
 
 
 
 
 
 
 
 
 
Figure 3.5. An example of a glacial lava thin section, sample AS010. Center plagioclase 
phenocryst (a) displays multiple generations of zoning, and bottom crystal (b) displays sieve 
A B 
a 
a 
b b 
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texture and melt inclusions. Left image (A) is in plane light and right image (B) is under 
cross polarization 
 
A lava xenolith was collected from pyroclastic deposits of Unit 5. The xenolith 
contains vesicle banding and rounded to polylobate vesicles (Figure 3.6). Subhedral 
plagioclase phenocrysts reach up to 1.5 mm long and euhedral to subhedral clinopyroxene 
phenocrysts are up to 1.3 mm long. Groundmass is comprised of tachylite glass and 
microlites of plagioclase laths and clinopyroxene.  
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6. Unit 5 lava xenolith hand sample with vesicle banding and plagioclase 
phenocrysts.  
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A rhyolite xenolith was also collected from the pyroclastic deposits of Unit 5 (Figure 
3.7). The rhyolite sample is primarily plagioclase with approximately 7% oxides, 5% 
convoluted vesicles and is surrounded by palagonite. The rhyolite sample was not analyzed 
further in this study.   
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7. Rhyolite xenolith (boxed in red) hand sample AS036, found in the pyroclastic 
deposits within glacial Unit 5.  
 
3.1.3 Early Holocene 
The Early Holocene unit is a collection of subaerial lava flows and scoria cones that 
are determined to be Early Holocene in date due to being stratigraphically above the glacial 
deposits Units 2 through 7 from Graettinger, 2012 and below the historical deposits from 
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Hartley et al., 2016. A total of two Early Holocene lava samples were collected, both during 
this project. These samples were collected from subaerial pahoehoe lava flows (Figure 3.8). 
The samples collected contain between 7 to 10% plagioclase and olivine phenocrysts that 
occur primarily in glomerocrysts and 15 to 50% rounded vesicles with minor alteration 
(Figures 3.9, 3.10).   
 
 
 
 
 
 
 
 
 
 
 
Figure 3.8. Early Holocene lava flow field photo where AS001 was sampled. Flow dips 20° 
E and is approximately 15 cm thick with visible plagioclase phenocrysts.  
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Figure 3.9. Early Holocene hand sample AS001 containing visible plagioclase phenocrysts 
and palagonite on outer surface. 
 
 
 
 
 
 
 
 
Figure 3.10. Early Holocene sample AS002 thin section. This section displays plagioclase 
phenocrysts and glomerocrysts containing plagioclase and olivine. Left image is in plane 
light and right image under cross polarization. 
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3.1.4 Historical 
The deposits from the late Holocene or historical eruptions are subaerial lava flows 
with the earliest dating to less than 4285 BP and the most recent flow from 1961 (Hartley et 
al., 2016). Seven late Holocene/Historical samples were collected from the lava flows during 
this project (Figure 11). The samples display 0 to 5% plagioclase phenocrysts (Figure 12). 
Vesicles are between 10 and 50% of the sample and are primarily convoluted with few 
containing palagonite (Figure 13). Geochemical data and measurements from the 1961 a’a 
lava flow was provided by Aline Blasizzo (Blasizzo et al., 2019).  
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11. Field photo of the Historical lava flow from the 1924 eruption adjacent to the 
caldera lake. The thickness of the flow is approximately 1.5 m.  
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Figure 3.12. Historical lava sample AS028 from the Historical Pink Unit. The sample 
contains few visible phenocrysts and the outer surface is palagonitized.   
 
 
 
 
 
 
 
 
Figure 3.13. Thin section of AS028 from the Historical Pink Unit. The sample contains 
plagioclase laths in glomerocrysts. Left image is in plane light and right image is under cross 
polarization. 
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3.1.5 Gabbro Xenoliths 
The gabbro xenoliths analyzed were erupted in Unit 5 lapilli tuff deposits along with 
the lava xenolith and rhyolite (Figure 3.14). 23 gabbro xenoliths were analyzed during this 
study, with one sample being reanalyzed from Graettinger, 2012. There are two primary 
textural groups of xenoliths: spindly and equant. The groups are characterized based on the 
plagioclase phenocryst texture and differ in mineral chemistry. Two of the gabbro samples 
are spindly and the rest are equant.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.14. Field photo of collecting gabbro xenoliths from host rock. Red box surrounds a 
gabbro xenolith.  
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The spindly samples contain almost exclusively elongate plagioclase phenocrysts up 
to 6.2 mm long that create the spindly texture (Figure 3.15). The crystal margins are 
irregular, twinning is common, and zoning is rare. Between the plagioclase are large, 
continuous clinopyroxene crystals and large opaque areas. One of the two samples contains 
olivine. The spindly samples are 50 to 88% phenocrysts and between 2 and 30% vesicles 
(Figure 3.16). 
 
 
 
 
 
 
 
 
 
 
Figure 3.15. Hand sample image of AS012 that had been coated in resin before slicing for 
thin section preparation. This sample is one of the spindly gabbro xenoliths due to the 
phenocrysts being more elongate in shape.  
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Figure 3.16. This thin section is AS012, one of the two spindly gabbro xenoliths. Plagioclase 
crystals are lath-shaped and clinopyroxene and opaques fill in around the plagioclase. Left 
image is in plane light and right image is under cross polarization. 
 
The equant xenolith plagioclase crystals have a length-to-width ratio that is more 
equal, and thus present a blockier texture (Figure 3.17). The crystals are frequently 
continuous and up to 11.4 mm long. They have irregular crystal margins, zoning, and 
frequently crystal and melt inclusions. The plagioclase crystals are surrounded by large 
continuous clinopyroxene crystals that are up to 12.0 mm long and contain small amounts of 
olivine. The xenoliths are 55 to 95% phenocrysts and percent vesicles range from <1 to 35% 
(Figure 3.18). The samples display some alteration to secondary minerals, and sieve textures 
in plagioclase are common (Figure 3.18).  
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Figure 3.17. This is the hand sample image of sample AS032, one of the equant gabbro 
xenoliths with large visible phenocrysts that are more equant instead of spindly in shape. 
 
 
 
 
 
 
 
 
Figure 3.18. Thin section photomicrograph of AS020, one of the equant gabbro xenoliths. 
The plagioclase is not in laths but is rather more equant in shape. Clinopyroxene still fills in 
around the plagioclase and the plagioclase displays sieve textures. The left image is in plane 
light and right image is under cross polarization. 
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3.2 Whole Rock Geochemistry 
3.2.1 Preglacial 
Whole rock XRF data SiO2 weight % ranges from 46.83 to 52.32 for the preglacial 
samples (Graettinger et al., 2019, Figure 3.19). Mg # ranges from 0.24 to 0.31 and the 
samples are classified as basalt on a TAS diagram (Figures 3.19, 3.20). Rare earth elements 
(REEs) for all units were normalized to primitive mantle (Sun and McDonough, 1989). The 
preglacial samples on a REE diagram have a negative slope and are therefore more enriched 
in lighter L REEs and more depleted in heavier H REEs (Figure 3.21). The preglacial 
samples are also slightly enriched in Gd (Figure 3.21). In multielement diagrams not limited 
to REEs, some samples are enriched in Th but follow a similar trend across all of the samples 
(Figure 3.22).  
3.2.2 Glacial 
 In the glacial samples, SiO2 weight % ranges from 49.06 to 49.52 and Mg # ranges 
from 0.37 to 0.38 (Figure 3.19). All samples are basalts on a TAS diagram (Figure 3.20). 
REEs have a slight negative slope as a result of being more enriched in L REEs (Figure 
3.21). The glacial samples are also slightly enriched in Eu and Lu (Figure 3.21). In 
multielement diagrams the samples are enriched in Sr (Figure 3.22). This differs from all 
other lava samples (excluding xenoliths) where there is a slight to moderate depletion in Sr.    
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Figure 3.19. All compiled results including geochemistry and thin section descriptions. 
29 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.20. TAS diagram with all whole rock geochemistry samples classified as tholeiitic 
basalts.  
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Figure 3.21. Rare earth element diagram displaying all ICP-MS minor element geochemistry 
results. Values are normalized to primitive mantle (Sun and McDonough, 1989).   
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Figure 3.22. Multielement diagram with minor element geochemistry from ICP-MS and XRF 
results. Data is from this study and Graettinger (2012) and is normalized to primitive mantle 
(Sun and McDonough, 1989).  
 
3.2.3 Early Holocene 
 SiO2 weight % ranges from 49.78 to 50.27 and Mg # ranges from 0.29 to 0.41 for the 
Early Holocene samples (Figure 3.19). Both samples are basalts on a TAS diagram (Figure 
3.20). REEs in the Early Holocene samples display the most inter-unit diversity (Figure 
3.21). AS001 has a slightly negative slope as it is enriched in the L REEs and is slightly 
depleted in Yb. AS002 has almost a completely flat slope, however it is slightly enriched in 
Eu and is depleted in most of the L REEs (Figure 3.21). On the multielement diagram, 
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AS002 is overall depleted compared to the rest of the samples excluding the xenoliths, but 
both samples are depleted in Nb and are neither enriched nor depleted to slightly depleted in 
Sr (Figure 3.22).  
3.2.4 Historical 
In the historical samples, SiO2 weight % ranges from 49.63 to 50.37 and Mg # ranges 
from 0.22 to 0.40 (Figure 3.19). All samples are basalts on a TAS diagram (Figure 3.20). 
REEs are normalized to primitive mantle and have a slight negative slope as they are more 
enriched in L REEs (Figure 3.21). Few samples are also slightly enriched in Eu and all are 
enriched in Lu. The historical samples are the most enriched in minor elements compared to 
samples from the other time periods (Figure 3.22). The Sr anomaly is most visible in these 
samples since all are slightly to moderately depleted in Sr (Figure 3.22).  
3.2.5 Gabbro Xenoliths 
Only equant gabbro xenoliths were analyzed for whole rock geochemistry, so all 
results are for the equant xenoliths. In the samples, SiO2 weight % ranges from 48.32 to 
48.96 and Mg # ranges from 0.46 to 0.50 (Figure 3.19). All samples are basalts on a TAS 
diagram (Figure 3.20). REEs are normalized to primitive mantle and overall have a slight 
negative slope as a result of being more enriched in L REEs (Figure 3.21). Both xenolith 
samples are highly enriched in Eu and slightly enriched in Lu. They are extremely similar 
values in the L REEs and diverge in the H REEs (Figure 3.21). In multielement diagrams 
both xenoliths are overall depleted compared to the lava samples (Figure 3.22). They are 
highly enriched in Ba and Sr and depleted in Nb. AS024 is also enriched in Y (Figure 3.22).  
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3.3 Thin Section Descriptions 
These descriptions focus on plagioclase, clinopyroxene and olivine. All plagioclase 
has twinning and fractures unless otherwise noted. All clinopyroxene and olivine also have 
fractures. Descriptions of xenoliths and xenocrysts do not include description of the 
palagonitized host material surrounding the crystals; the palagonite is composed of 
weathered basaltic glass containing vesicles. Length measurements of crystals were taken 
along the longest axis visible and ‘continuous’ crystals refers to an intergrown patchwork of 
crystals that covers the entire slide. Individual thin section descriptions of each sample 
collected during this study can be found in the appendix.  
3.3.1 Preglacial 
Plagioclase phenocrysts in the preglacial deposits are up to 1.5 mm in length and are 
euhedral to subhedral with occasional swallowtail and sieve textures (Figure 3.2). Plagioclase 
microlites are less than 0.25 mm in length. None of the plagioclase contains zoning. There 
are no clinopyroxene phenocrysts, and clinopyroxene microlites are less than 0.5 mm in 
length. The clinopyroxenes also do not contain zoning. There are no olivine phenocrysts in 
the preglacial deposits, and the olivine microlites are less than 0.1 mm in length and are 
anhedral. None of the crystals in the preglacial unit contain melt inclusions (Figure 3.3). 
3.3.2 Glacial 
 Plagioclase phenocrysts are up to 9.0 mm long and are euhedral to subhedral (Figure 
3.5). They contain sieve textures, many generations of zoning and melt inclusions. 
Plagioclase microlites are up to 0.4 mm long and tend to be laths. There is one clinopyroxene 
phenocryst measuring 1.3 mm that is euhedral with gaps within the crystal. Clinopyroxene 
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microlites measure up to 0.3 mm, and crystals are euhedral to subhedral. Clinopyroxene 
zones are not visible in photomicrographs but are visible on images from the electron 
microprobe, and there are no melt inclusions in any of the clinopyroxenes (Figure 3.5). There 
is one olivine phenocryst in the glacial samples that is 1.8 mm long and subhedral. Olivine 
microlites are up to 0.2 mm and are also subhedral. There are no melt inclusions in the 
olivine crystals (Figure 3.5).  
3.3.3 Early Holocene 
 Plagioclase phenocrysts in the Early Holocene samples are up to 2.0 mm long and are 
subhedral and elongate (Figure 3.10). The phenocrysts also contain zoning and melt 
inclusions. Plagioclase microlites are laths up to 0.2 mm in length. There are no 
clinopyroxene phenocrysts in the Early Holocene samples, but clinopyroxene microlites are 
subhedral and up to 0.3 mm long. There is one euhedral olivine phenocryst measuring 0.8 
mm and anhedral olivine microlites measure up to 0.2 mm. Olivine zones are not visible in 
photomicrographs but are apparent in images taken on the electron microprobe. Olivine 
crystals do not contain melt inclusions (Figure 3.10).  
3.3.4 Historical 
 Plagioclase phenocrysts are euhedral to subhedral and measure up to 2.0 mm with one 
phenocryst measuring 7.1 mm (Figure 3.13). Microlite laths are up to 0.3 mm long, and 
crystals are overall more weathered. Phenocrysts contain zoning and possible melt inclusions 
that require further testing. There are no clinopyroxene phenocrysts, but microlites are up to 
0.3 mm in length and are euhedral to subhedral and rarely aligned within the sample. The 
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historical samples analyzed do not contain any olivine phenocrysts or microlites (Figure 
3.13). 
3.3.5 Gabbro Xenoliths  
In the spindly xenoliths, plagioclase phenocrysts are euhedral to anhedral, elongate 
and up to 6.2 mm long (Figure 3.16). The plagioclase contains melt inclusions and rare 
zoning in both samples. Clinopyroxene phenocrysts measure up to 6.1 mm and it 
occasionally grows together to be continuous, but not in such large areas as the equant 
xenoliths (Figure 3.16). The clinopyroxene is anhedral and occasionally has melt inclusions. 
Olivine phenocrysts occur in one of the two spindly gabbro xenoliths. The olivine is 
subhedral to anhedral, up to 1.4 mm long and may contain melt inclusions. The samples also 
contain fragments of plagioclase, clinopyroxene and olivine that are anhedral and are up to 
0.4 mm in length.  
In the equant xenoliths, plagioclase phenocrysts in the gabbro xenoliths grew together 
to be continuous throughout the samples, but distinguishable phenocrysts are equant in shape 
and are up to 11.4 mm long (Figure 3.18). The plagioclase phenocrysts are euhedral to 
anhedral and contain disequilibrium and sieve textures, melt inclusions, and zoning. 
Clinopyroxene phenocrysts individually measure up to 12.0 mm, however much of the 
clinopyroxene in the gabbro xenolith samples grew together to be continuous similarly to the 
plagioclase. The clinopyroxene is euhedral to anhedral and occasionally has a sieve texture 
and melt inclusions. Olivine phenocrysts in the gabbro xenoliths are up to 8.5 mm long and 
are subhedral to anhedral with occasional melt inclusions. The olivine phenocrysts are also 
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occasionally surrounded by secondary minerals. The samples also contain fragments of 
plagioclase, clinopyroxene and olivine that are anhedral and are up to 0.4 mm in length. 
3.4 Mineral Chemistry 
Microprobe analyses of targeted crystals aimed to characterize mineral chemistry 
variations with a heavy focus on plagioclase. Plagioclase, clinopyroxene and olivine 
microprobe data was compiled and organized by eruptive unit in Figures 3.23 and 3.24. 
Across all of the data it was found that the majority of the samples analyzed reflected a 
bimodality in An and Mg #s from plagioclase and clinopyroxene.  
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Figure 3.23. Plagioclase An # data obtained from the electron microprobe throughout this 
study separated by time and marked based on the analysis type. Data for Blue Unit age <125 
from Aline Blasizzo (Blasizzo et al., 2019) and ages are years before present.   
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Figure 3.24. Clinopyroxene and olivine Mg # s obtained from the electron microprobe during 
this study organized by time and marked based on analysis type. Ages are years before 
present.  
 
3.4.1 Preglacial 
Plagioclase phenocryst An #s range from 0.71 to 0.89 from 15 analyses (Figure 3.19, 
3.23). Microlite An #s range from 0.63 to 0.74 from 7 analyses (Figures 3.19, 3.23). 
Plagioclase phenocrysts and microlite analyses create a bimodal distribution with microlites 
being more sodic and phenocrysts being more calcic (Figure 3.23). One core-rim pair from 
this unit was analyzed with the core measuring 0.84 and the rim 0.75 with a difference in An 
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# of 0.13 (Figure 3.19). There was no clinopyroxene or olivine analyzed from the preglacial 
samples.  
3.4.2 Glacial 
Plagioclase phenocryst An #’s range from 0.74 to 0.94 from 130 point analyses 
(Figure 3.19). Microlites ranged from 0.63 to 0.81 from 6 analyses. Phenocryst cores 
measured from 0.90 to 0.93 from 16 analyses, and rims measured from 0.61 to 0.91 from 25 
analyses (Figure 3.19). The greatest difference in An # from a single core-rim pair in the 
glacial samples was 0.21. Clinopyroxene phenocryst Mg #s range from 0.44 to 0.74 from 59 
analyses. Microlite Mg # values ranged from 0.46 to 0.70 (Figure 3.19). Two clinopyroxene 
core-rim pairs from this unit were analyzed. The core Mg #s were 0.59 and 0.70 and the rims 
were 0.56 and 0.59. There was no olivine analyzed from the glacial samples in this study, but 
olivine could be analyzed in the future.  
3.4.3 Early Holocene 
Plagioclase phenocryst An #s range from 0.79 to 0.94 from 16 analyses (Figure 3.19). 
Microlites ranged from 0.61 to 0.81 from 6 analyses. One phenocryst core-rim pair was 
analyzed. The core measured 0.91 and the rim measured 0.79 with a difference of 0.12. No 
clinopyroxene phenocrysts were found or analyzed, but microlite Mg #s range from 0.47 to 
0.61 from 6 analyses (Figure 3.19). One olivine phenocryst was analyzed, but it was analyzed 
as a clinopyroxene so it should be reanalyzed in the future. Olivine microlite Mg #s range 
from 0.45 to 0.46 from 6 analyses (Figure 3.19).   
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3.4.4 Historical 
Plagioclase phenocryst An #s range from 0.77 to 0.94 from 46 point analyses (Figure 
3.19). Plagioclase microlites ranged from 0.55 to 0.81 from 13 analyses. Phenocryst cores 
measured from 0.89 to 0.91 from 2 analyses, and rims measured from 0.84 to 0.92 from 4 
analyses. The greatest difference in An # from a single core-rim pair in the historical samples 
was 0.02. There were no clinopyroxene phenocrysts identified or analyzed from the historical 
samples. Clinopyroxene microlite Mg #s range from 0.33 to 0.53 from 3 analyses (Figure 
3.19). There are no olivine phenocrysts identified or analyzed. Olivine microlite Mg #s range 
from 0.45 to 0.46 from 6 analyses (Figure 3.19).  
3.4.5 Gabbro Xenoliths 
Spindly gabbro xenolith plagioclase phenocryst An #s range from 0.74 to 0.78 from 
14 analyses (Figure 3.19). There were no core/rim measurements taken for the spindly 
sample. Clinopyroxene phenocryst Mg #s range from 0.56 to 0.60 from a total of 17 analyses 
(Figure 3.19). There were no analyses done on olivine for this study, but olivine phenocrysts 
could be analyzed in the future.  
Equant gabbro xenolith plagioclase phenocryst An #’s range from 0.73 to 0.93 from 
53 analyses (Figure 3.19). Plagioclase cores measured from 0.82 to 0.91 from 3 analyses, and 
rims measured from 0.73 to 0.87 from 4 analyses. The greatest difference in An # from a 
single core-rim pair was 0.14. Clinopyroxene phenocryst Mg #s range from 0.57 to 0.71 from 
a total of 33 analyses (Figure 3.19). Olivine phenocryst Mg #s range from 0.48 to 0.65 from 
23 analyses, and no microlites were analyzed (Figure 3.19).  
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The spindly xenoliths are less mafic and more consistent than the equant xenoliths in 
regard to both plagioclase and clinopyroxene. The An # from the plagioclase in the spindly 
xenoliths is between 0.74 and 0.78, whereas in the equant xenoliths it ranges from 0.73 to 
0.93 (Figure 3.24). The spindly xenoliths also do not have any Mg #s for clinopyroxene over 
0.60, but the equant xenolith Mg #s are up to 0.71 (Figure 3.25).  
 
 
 
 
 
 
 
 
 
 
 
 
 
42 
 
CHAPTER 4. DISCUSSION 
4.1 Overall trends in Askja magmas 
4.1.1 Basic trends in all units 
Askja basaltic whole rock composition does not vary substantially over the 70,000 
years of studied lavas (Figure 3.20). Whole rock Mg # becomes more diverse after the glacial 
advance, having a wider range starting with the glacial samples (Figure 3.19). Silica content 
and total alkalis, however, remain consistent with all samples being classified as tholeiitic 
basalts. Iceland’s tectonic setting of being at the intersection of a hot spot and mid-ocean 
ridge means that there are primarily basaltic eruptions from the rifting, but there are 
occasional rhyolitic eruptions as well. (Thordarson and Hoskuldsson, 2008). Askja is situated 
at the intersection of the two tectonic settings, but the magmatic signature appears to be 
mostly affected by the rifting as evidenced by the domination of tholeiitic basaltic 
compositions. While Askja has produced rhyolitic eruptions in the past as well (Hartley et al., 
2016), this discussion will focus on the generation of basaltic magma at Askja over the last 
70,000 years.  
4.1.2 Changes in crystal cargo 
The majority of the lavas currently found at Askja have few visible plagioclase 
phenocrysts, little to no clinopyroxene or olivine phenocrysts, and a groundmass composed 
of plagioclase and clinopyroxene microlites and glass. During glacial eruptions, specifically 
during the later glacial Units 5 and 6, lavas contain abundant large phenocrysts of plagioclase 
that are up to 9.0 mm in length (Figures 3.4, 3.5). In Unit 5, pyroclastic deposits also 
included the gabbro xenoliths and lava xenolith in addition to the macrocrysts in the lavas. 
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This dramatic change in crystal populations between the glacial time period relative to 
interglacial and post glacial times indicates that the magma storage conditions changed over 
that same timescale (Figure 4.1).  
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1. Simplified diagram of the upper magma chamber at approximately 3 km depth  
(de Zeeuw-van Dalfsen et al., 2005) with relative crystallization from preglacial (left) to 
glacial (center) to postglacial (right) times. A deeper magma chamber at approximately 16 
km depth is likely beneath the upper chamber but not pictured in the figure.  
 
Basaltic lavas containing high concentrations of plagioclase macrocrysts are 
frequently called plagioclase ultraphyric basalts, or PUBs (Cullen et al., 1989). PUBs are 
found around the world at different tectonic settings including rifts, ocean islands and flood 
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basalt provinces (Cullen et al., 1989; Óskarsson et al., 2017). Consistent across all these 
settings, the large plagioclase crystals in PUBs are believed to first form in insolated, deep 
magma chambers where magma stalls and crystallization occurs (Cullen et al., 1989). The 
megacryst-filled magma then moves into a more shallow chamber where it mixes with a 
cooler, denser, and more evolved magma where the plagioclase rises to the top of the 
chamber (Cullen et al., 1989; Valer et al., 2017, Figure 4.2). In the case of spreading ridges, 
the speed of spreading may influence the creation of PUBs as increased time in reservoirs 
before eruptions enables more dramatic crystal growth (Cullen et al., 1989; Flower, 1980). At 
slower ridges such as the Mid-Atlantic Ridge, deeper magma chambers at higher pressures 
may create more favorable plagioclase floating conditions and therefore the creation of PUBs 
(Cullen et al., 1989; Flower, 1980).  
 
 
 
 
 
 
 
 
 
 
 
45 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2. Preferential sorting of plagioclase and clinopyroxene crystals in the formation of 
a PUB, with one magma crystallizing and a second magma mixing and bringing the crystals 
to the surface. Modified from Valer et al., (2017).  
 
PUBs are fairly common in Iceland, with one example being the Grænavatn 
porphyritic group (Hansen and Grönvold, 2000; Neave et al., 2014; Óskarsson et al., 2017). 
The plagioclase macrocrysts at the Grænavatn porphyritic group also contain anorthitic cores 
and sodic rims, similar to Askja’s glacial values (Óskarsson et al., 2017). The Grænavatn 
porphyritic group is east of Askja (Óskarsson et al., 2017). This means that it is further away 
from the hot spot, but still in a rifting area. Both Askja and the Grænavatn porphyritic group 
are results of rifting, but the proximity of Askja to the hot spot may make for higher overall 
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melt volumes and thus more input into the residence magma chambers, increasing 
compositional variability.   
The Askja phenocrysts also display a textural change beginning in the glacial period. 
Prior to the glacial eruptions, no zoning is found in phenocrysts. Zoning appears in the 
glacial samples as multigenerational zoning and is then found in the subsequent Early 
Holocene and historical lavas. The overall chemistry of the plagioclase cores and rims 
changes from being more sodic before the glaciation, more calcic during the glaciation and 
more sodic again after the glacier retreats (Figure 3.23). There is also bimodality within 
plagioclase An #s between phenocrysts and microlites that is first apparent in the glacial units 
(Figure 3.23). Whole phenocryst and phenocryst cores have higher An #s, and microlites and 
rims have lower An #s. The highest concentration of clinopyroxene phenocrysts and 
microlites in lavas is also within the glacial units (Figure 3.24). The preglacial, Holocene, 
and historical contain clinopyroxene microlites, but do not contain phenocrysts. These 
changes in the crystal cargo reflect conditions that are variably favorable for the production 
of large crystals, and the multiple populations reflect the possible mixing of magma 
populations (Figure 4.2).  
As described above in the results, the gabbro xenoliths fall into two groups: spindly 
and equant. These groups are based on different chemical and textural characteristics within 
the xenolith population. The different textures could be due to different growth rates, spindly 
growing rapidly to form the elongate shape, and the equant forming slower to be more evenly 
shaped. The two populations of gabbro xenoliths are both found within pyroclastic deposits 
of Unit 5 but contain different mineral chemistries that are consistent with the observed 
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bimodality of the lavas. The xenolith minerals and chemistry indicate that conditions in the 
magma chamber beneath Askja were different during the glacial units than any other time 
period since the lavas from other periods contain few phenocrysts.  
Sr values at Askja are consistent with the changing crystal cargo. Sr preferentially 
accumulates in plagioclase (Cherniak and Watson, 1994). Over time, the samples at Askja 
decreased in Sr as they also decreased in the abundance of plagioclase per sample. The 
glacial and gabbro xenolith samples have higher Sr values than the postglacial samples 
(Figure 3.22). This correlates with crystal cargo in that the samples with the highest amounts 
of plagioclase should have the highest Sr values (Cherniak and Watson, 1994). In the 
samples analyzed, the samples with the highest amount of plagioclase (xenoliths and glacial 
PUBs) did have the highest Sr values despite having most of the lowest other REEs (Figure 
3.22).  
These variations in crystal cargo require the presence of multiple storage locations 
within the crust for rising magma to crystalize and sort large phenocrysts. Multiple magma 
chambers at depths of approximately 3 and 16 km have been identified by recent geophysical 
work at Askja (de Zeeuw-van Dalfsen et al., 2005, Figure 4.1). A shallow magma reservoir 
draining to a deeper reservoir is the favored model for ongoing subsidence at the Askja 
caldera (de Zeeuw-van Dalfsen et al., 2005, Figure 4.1). Furthermore, the variation in crystal 
composition during growth as evidenced by zoning and sodic rims reflects variations in the 
composition of the melt the phenocrysts grew in. Finally, the magmas that transport the 
crystals to the surface produce microlites that are just as sodic or even more sodic than the 
phenocryst rims (Figure 4.2).  
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4.2 Magma recharge 
As seen from the physical, chemical, and mineralogical data from Askja’s lavas that 
were erupted starting 70,000 years ago, the bulk chemistry is not highly variable but there are 
subtle changes in the crystal cargo and chemistry that reflect variations in the storage 
conditions and the history of different batches of magma interacting before eruption. The 
observed variation in melt composition recorded by the zoned plagioclase phenocrysts can be 
used to evaluate the influence of magma recharge. Existing models of the formation of PUBs 
mentioned previously would require the input of additional recharges of magma into shallow 
magma chambers coming from greater depths, bringing the plagioclase megacrysts closer to 
the surface (Cooper et al., 2016; Neave et al., 2014; Figure 4.2).  
In particular this mechanism of storage and recharge of different magmas could also 
cause the floating or sinking of different phenocrysts or macrocrysts, thus creating the 
accumulation at the top of a storage chamber (Óskarsson et al., 2017; Figure 4.2). Density 
differences between plagioclase, and clinopyroxene and olivine, can be used to determine 
whether crystals were floating or sinking (Cullen et al., 1989; Flower, 1980; Figure 4.2). 
Since clinopyroxene and olivine are denser than plagioclase, they would sink and separate 
from the plagioclase, which would instead rise (Cullen et al., 1989; Stolper and Walker, 
1980; Figure 4.2). The glacial samples at Askja contain moderate amounts of clinopyroxene, 
however it is evident that the clinopyroxene has filled in after the plagioclase was formed 
instead of having been crystallized previously (Figure 3.18). This supports the idea that the 
plagioclase floated to the top of the storage chamber to create accumulations of macrocrysts 
due to a recharge of a different magma.  
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There are also chemical data points that could indicate magma recharge. First, the 
bimodality of plagioclase and clinopyroxene data reflects variations in magma chemistry, 
meaning there had to be at least two melts (Figures 3.23, Figure 3.24). The historical samples 
also had the lowest plagioclase An #s, the lowest Mg #s from clinopyroxene, and they 
contain smallest variation among samples. This indicates that the magma was much more 
chemically similar than the earlier magmas. Second, some clinopyroxene phenocrysts and 
microlites from the glacial units at Askja are more mafic than the gabbro xenoliths. Gabbro 
xenoliths should be the most mafic samples, so extremely mafic clinopyroxene could indicate 
new magma coming into the magma chamber prior to eruption.  
4.3 Askja through time 
Macrocrysts in lavas and the gabbro xenoliths indicate magma recharge and also 
indicate residence time of magma in multiple magma chambers. Large phenocrysts require 
time to crystallize before erupting. Macrocrysts could indicate that the magma sat in the 
chamber for a longer period of time before erupting, long enough to form the large crystals 
(Figure 4.1). This residence time could also contribute to the formation of the more sodic 
plagioclase microlites and rims. Magma chamber depth could also influence the 
crystallization time, with deeper chambers and a greater number of storage chambers, magma 
could take longer to reach the surface (Key et al., 2011, Figure 4.1). This is again supported 
by the recent geophysical studies concluding that there are at least two magma chambers, one 
more shallow and one at depth (de Zeeuw-van Dalfsen et al., 2005, Figure 4.1).  
Geothermobarometry could be extremely useful for determining more about the 
magma chambers beneath Askja. After looking into the various methods, the best methods 
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for this study would be the plagioclase-liquid or the clinopyroxene and clinopyroxene – 
liquid methods (Table 1.1).  
4.4 Effects from ice 
Changes in crystal cargo could be due to a variety of influences including but not 
limited to magma recharge and residence time in the magma chamber. What is evident is 
these influences most greatly impacted the lavas erupted while Askja was glaciated. As stated 
earlier, it is possible the creation of PUBs is influenced by pressure (Cullen et al., 1989; 
Flower, 1980). Additional pressure due to a glacier could keep magmas at depth that might 
have otherwise erupted. Given the shallow depth of the magma chambers beneath Askja at 
approximately 3 and 16 km, the magma storage would be more susceptible to impacts from 
load changes due to ice pressure (de Zeeuw-van Dalfsen et al., 2005, Figure 4.1). Then a 
rapid change in pressure, caused either by new rifts forming or from the rapid removal of 900 
m of ice, could generate rapid ascent of magmas that were remaining in deeper magma 
chambers (Graettinger et al., 2019).   
The macrocrysts disappear after a delay following the glacial period. There is 
evidence of a greater volume of eruptions after the glacial retreat (Hartley et al., 2016). With 
the disappearance of pressure above the chambers at Askja, the magma had less influence to 
remain in the storage chambers as long. Magma was brought up much faster, eliminating the 
time required to grow the plagioclase megacrysts.  
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CHAPTER 5. CONCLUSIONS AND FUTURE WORK 
5.1 Conclusions 
The purpose of this study is to determine if there is a relationship between storage 
conditions of magmas beneath volcanoes related to the presence or absence of a thick glacier. 
Askja is a volcano in central Iceland that was glaciated starting 70,000 years ago and erupted 
before, during and since the glaciation. After collection and analysis of new samples in 
addition to the continued analysis of previous samples, data trends focusing on plagioclase 
textures and chemistries indicate changes to the crystal cargo and magma storage times as the 
volcano became deglaciated. 
Based on the large range of percent plagioclase phenocrysts in the samples and the 
size of phenocrysts found in the lavas and xenoliths at Askja, it can be concluded that the 
crystal cargo within the magmas correlates to eruptive periods under glacial conditions. 
There are a few smaller phenocrysts in the preglacial lavas. The amount and size of 
plagioclase greatly increase in the glacial period, and some of the glacial lavas are classified 
as plagioclase ultraphyric basalts. Phenocryst size and amount decrease to be similar to 
preglacial lavas in the Early Holocene and historical samples. The drastic change in amount 
and size of the plagioclase during the glacial period indicates that the ability of a magma to 
produce large crystals increased during this time, due to increased residence time for the 
magma in a deeper chamber at approximately 16 km depth. Larger phenocrysts within the 
glacial lavas are evidence that magma sat in place for a relatively longer period of time in 
order for those larger crystals to form.  
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There are multiple plagioclase populations within the lavas as evident in the 
bimodality between the microlite and phenocryst populations (Figure 3.23). Plagioclase cores 
are more calcic whereas rims and microlites tend to be more sodic, reflecting the evolution of 
the melt hosting the crystals. The plagioclase crystals including rims, cores and microlites 
become more calcic during the glacial period and into the Early Holocene and historical 
periods, indicating a change in magma chemistry may have occurred in the glacial period 
(Figure 3.23). The bimodality in the plagioclase geochemistry data reflect a possible mixing 
of multiple magmas.  
It is clear that the glacial period is the most unique period in Askja’s history. Pressure 
from overlying ice may have contributed to magma staying in place longer, thus giving 
phenocrysts time to grow. These larger phenocrysts could have grown during the passage and 
influence of different magmas through two different magma chambers, creating the observed 
chemistry. Additional pulses of magma could have generated a higher flux of volcanism that 
brought up crystals sitting in lower chambers to the surface all at once, creating the PUBs of 
the later glacial lavas.  
5.2 Future Work 
This project will serve as a starting point for future projects now that a correlation 
between magma storage conditions and the presence and absence of glacial ice has been 
recognized. One topic that was unable to be explored in this project but that could be 
investigated in the future is the melt inclusions and their relationship to the melt prior to 
eruption and whether or not geothermobarometry could be done to determine initial 
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temperatures and pressures. Detailed spot chemistry of glass, plagioclase and clinopyroxene 
would enable geothermobarometry and diffusion profiles to establish crystal growth rates.  
Melt inclusions are present in the glacial, Early Holocene and gabbro xenolith 
samples and potentially present in the historical lavas. The melt inclusions are usually within 
plagioclases, however the gabbro xenoliths also have inclusions in clinopyroxene. Melt 
inclusions have also been found in PUBs (Cullen et al., 1989). The melt inclusions could 
potentially provide more insight into the magma chamber evolution and petrogenesis. 
A deeper look into the different gabbro xenolith types and textures could also 
possibly reveal nuances about the magma chamber system during the deglaciation period. If 
possible, obtaining whole rock geochemistry for a spindly xenolith could be beneficial to 
determine if the xenoliths differ geochemically on the whole rock and mineral scale or just 
the mineral scale.  
Nickel values in the samples varied greatly. Nickel can substitute into the olivine 
crystal structure and that substitution can cause fluctuations in free Ni amounts (Winter, 
2010). However, in these samples there is no clear trend to the amount of olivine in samples 
with the abnormal nickel values. There is also not a significant amount of olivine phenocrysts 
or microlites in most of the samples, so it is possible that there would be no impact from the 
olivine. The Ni values were also not analyzed in ICP-MS, so the only data on these samples 
is from XRF. Further analysis and investigation into this nickel anomaly could be done in the 
future to determine whether the olivine is impacting the Ni values or if there is another cause 
for the values. 
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By continuing to study past interaction of volcanoes and glaciers, preparations can 
continue for the future. Askja volcano has had a complex magmatic history. This study, 
through examining the changing magma chamber through crystal compositions, determined 
that a glacier does contribute to a changing crystal cargo and petrogenesis of the magma.  
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APPENDIX 
 
Collected hand sample details. 
 
Sample # Latitude Longitude Elevation Thin Section Geochemistry Eruptive Unit 
AS19001 65.069 -16.651 953.7 X X Early Holocene 
AS19002 65.072 -16.657 1028.7 X X Early Holocene 
AS19003 65.071 -16.645 920.8 X X 
Historical - 
Yellow 
AS19004 65.069 -16.650 947.7 X X 
Historical - 
Green  
AS19005 65.054 -16.650   X   
Gabbro Xenolith 
(Glacial - 5) 
AS19006 65.046 -16.770 1131.3 X X 
Historical - 
Green  
AS19007 65.033 -16.813 1155.1 X X Historical - Red 
AS19008 65.031 -16.807 1149.8 X X 
Historical - 
Green  
AS19009 65.078 -16.746 1178.7 X   Glacial - 4 
AS19010 65.078 -16.746 1178.7 X   Glacial - 5 
AS19011 65.078 -16.746 1178.7 X X Glacial - 6 
AS19012 65.045 -16.647 1121.7 X   Gabbro Xenolith 
AS19013 65.044 -16.648 1132.8 X X 
Gabbro Xenolith 
(xenocryst) 
AS19014 65.039 -16.653 1188.5 X   Gabbro Xenolith 
AS19015 65.039 -16.653 1188.5 X   Gabbro Xenolith 
AS19016a 65.039 -16.653 1188.5  X    Gabbro Xenolith 
AS19016b 65.039 -16.653 1188.5 X   Gabbro Xenolith 
AS19017 65.039 -16.653 1188.5     Gabbro Xenolith 
AS19018 65.038 -16.656 1219.3 X X 
Glacial - 5 (lava 
xenolith) 
AS19019 65.045 -16.633 1058.8 X X Glacial - 6 
AS19020 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19021 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19022 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19023 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19024 65.035 -16.677 1318.8 X X Gabbro Xenolith 
AS19025 65.035 -16.677 1318.8 X   Gabbro Xenolith 
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AS19026 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19027 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19028 65.012 -16.564 684.3 X X Historical - Pink 
AS19029 65.051 -16.564 770.9 X X 
Historical - 
Yellow 
AS19030 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19031 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19032 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19033 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19034 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19035 65.035 -16.677 1318.8 X   Gabbro Xenolith 
AS19036 65.045 -16.647 1121.7 X   
Glacial - 5 
(Rhyolite) 
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Whole rock XRF geochemistry data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
50. 27 49. 78 50. 21 50. 15 50. 30 50. 26 50. 37 49. 52 48. 32 49. 76 49. 06 48. 96 49. 72 49. 63 
2. 062 1. 257 2. 578 2. 573 2. 823 2. 744 2. 785 1. 394 0. 372 1. 915 1. 211 0. 689 1. 737 1. 556
13. 51 14. 59 13. 00 13. 02 12. 66 12. 82 12. 81 18. 26 25. 82 15. 26 20. 75 21. 66 14. 28 14. 36 
14. 16 11. 13 15. 35 15. 35 16. 25 15. 73 15. 88 9. 03 3. 46 11. 03 7. 81 6. 03 12. 22 11. 54 
0. 237 0. 195 0. 251 0. 251 0. 258 0. 256 0. 258 0. 156 0. 064 0. 223 0. 136 0. 129 0. 209 0. 199
5. 84 7. 86 5. 23 5. 25 4. 69 4. 84 4. 77 5. 63 3. 44 5. 16 4. 53 5. 10 6. 97 7. 58 
10. 48 12. 52 9. 60 9. 57 8. 94 9. 17 9. 08 13. 15 16. 41 12. 62 13. 58 14. 92 11. 66 12. 25 
2. 58 2. 10 2. 73 2. 65 2. 84 2. 79 2. 79 2. 09 1. 61 2. 42 2. 03 1. 91 2. 28 2. 09 
0. 35 0. 15 0. 44 0. 44 0. 52 0. 50 0. 50 0. 24 0. 08 0. 33 0. 21 0. 07 0. 28 0. 24 
0. 197 0. 099 0. 265 0. 264 0. 304 0. 296 0. 300 0. 147 0. 033 0. 196 0. 131 0. 035 0. 169 0. 147
99. 68 99. 68 99. 65 99. 51 99. 59 99. 40 99. 55 99. 60 99. 62 98. 92 99. 45 99. 50 99. 51 99. 58 
0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 12 0. 15 0. 94 0. 21 0. 08 0. 02 0. 00 
50. 43 49. 94 50. 38 50. 39 50. 51 50. 56 50. 60 49. 72 48. 50 50. 31 49. 34 49. 20 49. 96 49. 84 
2. 07 1. 26 2. 59 2. 59 2. 83 2. 76 2. 80 1. 40 0. 37 1. 94 1. 22 0. 69 1. 75 1. 56 
13. 56 14. 64 13. 05 13. 09 12. 71 12. 90 12. 87 18. 33 25. 92 15. 43 20. 87 21. 77 14. 35 14. 42 
14. 20 11. 16 15. 41 15. 42 16. 31 15. 82 15. 95 9. 07 3. 48 11. 15 7. 85 6. 06 12. 28 11. 59 
0. 24 0. 20 0. 25 0. 25 0. 26 0. 26 0. 26 0. 16 0. 06 0. 23 0. 14 0. 13 0. 21 0. 20 
5. 85 7. 89 5. 25 5. 28 4. 71 4. 87 4. 79 5. 65 3. 45 5. 22 4. 55 5. 12 7. 00 7. 61 
10. 51 12. 56 9. 63 9. 62 8. 98 9. 22 9. 12 13. 20 16. 48 12. 76 13. 65 14. 99 11. 71 12. 30 
2. 59 2. 11 2. 74 2. 66 2. 85 2. 80 2. 80 2. 09 1. 62 2. 45 2. 04 1. 92 2. 29 2. 10 
0. 35 0. 15 0. 44 0. 44 0. 52 0. 50 0. 50 0. 24 0. 08 0. 33 0. 21 0. 07 0. 28 0. 24 
0. 20 0. 10 0. 27 0. 27 0. 30 0. 30 0. 30 0. 15 0. 03 0. 20 0. 13 0. 04 0. 17 0. 15 
100 100 100 100 100 100 100 100 100 100 100 100 100 100 
33  83  32  32  22  23  22  48  28  35  38  41  58  68  
10  239  38  40  13  23  16  112  141  46  70  163  127  236  
45  48  44  44  42  42  42  38  22  44  31  35  44  46  
399  308  461  459  482  474  482  254  91  353  219  160  344  328  
82  36  105  103  119  117  110  61  21  84  52  29  69  60  
7  4  9  8  10  10  10  4  2  6  4  2  5  4  
182  141  184  183  184  184  183  217  248  218  228  245  181  177  
121  63  152  151  172  166  169  82  23  112  79  23  100  84  
33  23  39  39  43  43  43  21  7  28  20  9  27  24  
11. 5  4. 7  15. 6  15. 8  18. 0  17. 3  18. 4  8. 9  1. 4  12. 3  8. 2  1. 0  9. 5  8. 3  
19  17  21  21  21  21  21  17  17  19  18  17  18  17  
198  149  141  144  114  123  125  110  24  173  84  44  161  149  
113  82  128  128  138  134  135  68  21  97  63  45  96  87  
1  1  1  1  1  1  1  1  0  1  0  0  1  1  
8  6  14  14  16  16  16  8  2  11  9  3  9  7  
25  14  34  35  40  38  37  19  5  25  16  6  20  19  
1  0  1  1  1  1  1  1  0  1  1  0  1  1  
16  10  22  21  25  25  25  12  3  16  11  3  14  12  
0  0  0  0  1  0  0  0  0  0  0  0  0  0  
1307  1228  1442  1439  1462  1457  1455  1081  657  1281  951  825  1284  1331  
0. 13 0. 12 0. 14 0. 14 0. 15 0. 15 0. 15 0. 11 0. 07 0. 13 0. 10 0. 08 0. 13 0. 13 
99. 81 99. 80 99. 80 99. 65 99. 74 99. 55 99. 69 99. 71 99. 68 99. 05 99. 54 99. 58 99. 64 99. 71 
99. 85 99. 85 99. 84 99. 70 99. 79 99. 60 99. 74 99. 75 99. 70 99. 09 99. 57 99. 61 99. 69 99. 75 
99. 9 99. 8 99. 8 99. 7 99. 8 99. 6 99. 7 99. 9 99. 8 100. 0 99. 8 99. 7 99. 7 99. 8 
101. 4 101. 1 101. 5 101. 4 101. 6 101. 3 101. 5 100. 9 100. 2 101. 3 100. 6 100. 4 101. 1 101. 0 
42. 3 105. 9 40. 7 40. 4 28. 2 28. 7 27. 9 60. 9 35. 5 45. 0 47. 9 51. 9 74. 3 86. 0
14. 3 348. 7 54. 9 57. 8 19. 2 33. 1 23. 3 163. 6 206. 1 66. 9 102. 2 238. 4 185. 6 345. 0
69. 7 72. 9 67. 9 67. 1 64. 8 64. 8 64. 8 58. 5 34. 3 67. 5 47. 0 53. 5 67. 1 71. 3
587. 3 452. 6 677. 9 675. 1 709. 8 697. 7 708. 5 374. 0 134. 5 519. 1 322. 1 234. 8 506. 1 482. 8
92. 0 40. 6 117. 5 115. 3 133. 1 130. 5 122. 6 67. 6 23. 2 94. 1 58. 5 32. 3 76. 7 67. 5
7. 6 3. 9 9. 4 9. 2 11. 4 10. 5 10. 7 4. 7 2. 2 6. 8 4. 5 2. 2 5. 5 4. 7
214. 7 166. 5 218. 1 217. 0 217. 2 217. 2 216. 3 256. 7 293. 8 257. 3 269. 6 289. 6 213. 9 209. 2
163. 7 85. 0 204. 8 204. 2 231. 7 224. 8 228. 4 111. 0 31. 5 151. 9 106. 2 30. 8 134. 7 113. 7
42. 2 29. 3 50. 0 49. 2 54. 9 54. 1 54. 4 26. 3 9. 2 35. 6 25. 8 11. 6 33. 9 31. 0
16. 4 6. 7 22. 4 22. 6 25. 7 24. 7 26. 4 12. 7 2. 0 17. 6 11. 7 1. 4 13. 5 11. 8
25. 8 22. 2 28. 4 28. 1 28. 0 28. 2 28. 5 22. 8 22. 3 25. 6 23. 7 22. 2 23. 7 23. 4
248. 0 187. 0 176. 7 180. 5 142. 2 153. 8 156. 5 138. 0 29. 6 216. 0 105. 1 55. 0 202. 2 186. 7
140. 8 101. 8 159. 4 158. 8 172. 2 166. 8 167. 7 84. 5 25. 8 120. 7 78. 6 55. 9 119. 9 108. 4
1. 0 0. 6 1. 3 0. 8 1. 3 0. 9 1. 3 0. 6 0. 3 0. 7 0. 5 0. 3 0. 8 1. 3
9. 1 6. 7 16. 4 16. 2 18. 7 18. 9 18. 7 8. 8 2. 3 12. 6 10. 1 3. 5 10. 5 8. 0
31. 3 17. 5 41. 7 42. 6 49. 2 47. 0 44. 9 23. 7 5. 7 31. 2 20. 0 6. 9 24. 9 23. 4
1. 2 0. 6 0. 7 1. 4 0. 9 1. 4 1. 3 0. 7 0. 0 1. 1 0. 7 0. 3 1. 1 0. 9
19. 0 11. 9 25. 5 23. 9 29. 5 28. 7 28. 6 14. 2 3. 9 18. 5 13. 4 3. 9 15. 9 14. 0
0. 4 0. 5 0. 3 0. 2 0. 6 0. 2 0. 3 0. 2 0. 2 0. 3 0. 4 0. 2 0. 1 0. 3
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Minor element ICP-MS data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample ID La ppm Ce ppm Pr ppm Nd ppm Sm ppm Eu ppm Gd ppm Tb ppm Nb ppm
SNT AS001 10.38 24.88 3.52 16.62 4.73 1.75 5.81 1.02 11.72
SNT AS002 4.71 11.73 1.72 8.52 2.81 1.10 3.56 0.66 5.08
SNT AS003 13.48 32.20 4.52 21.36 6.13 2.15 7.09 1.25 16.03
SNT AS004 13.57 32.37 4.58 21.27 6.04 2.16 7.17 1.25 16.03
SNT AS006 15.91 37.29 5.17 23.93 6.70 2.32 7.80 1.31 18.84
SNT AS007 15.41 36.43 4.99 23.32 6.55 2.28 7.54 1.32 18.12
SNT AS008 15.53 36.62 5.09 23.40 6.69 2.28 7.71 1.34 18.43
SNT AS011 7.87 18.55 2.64 12.23 3.38 1.29 3.86 0.66 9.39
SNT AS013 2.13 5.01 0.71 3.26 0.96 0.50 1.20 0.20 2.10
SNT AS018 10.90 25.44 3.57 16.59 4.61 1.64 5.34 0.89 13.01
SNT AS019 7.52 17.59 2.47 11.35 3.28 1.20 3.56 0.63 8.78
SNT AS024 2.20 5.24 0.78 3.81 1.18 0.76 1.52 0.27 1.68
SNT AS028 8.60 20.74 2.92 14.09 4.06 1.52 4.69 0.81 9.88
SNT AS029 7.45 17.87 2.53 12.28 3.40 1.32 4.22 0.75 8.62
Sample ID Y ppm Dy ppm Ho ppm Er ppm Tm ppm Yb ppm Lu ppm Ba ppm Th ppm
SNT AS001 33.44 6.34 1.35 3.64 0.53 3.17 0.51 78 0.92
SNT AS002 22.61 4.33 0.89 2.48 0.36 2.21 0.35 33 0.42
SNT AS003 40.25 7.87 1.61 4.44 0.65 3.84 0.63 97 1.22
SNT AS004 39.98 7.72 1.61 4.46 0.63 3.91 0.63 97 1.20
SNT AS006 44.45 8.63 1.76 4.75 0.68 4.22 0.66 114 1.46
SNT AS007 42.86 8.39 1.73 4.73 0.69 4.16 0.67 111 1.41
SNT AS008 43.89 8.47 1.74 4.76 0.69 4.22 0.67 110 1.46
SNT AS011 20.39 4.15 0.84 2.20 0.31 1.89 0.29 55 0.72
SNT AS013 6.34 1.24 0.26 0.72 0.10 0.57 0.09 20 0.20
SNT AS018 28.86 5.62 1.13 3.07 0.44 2.61 0.40 79 0.96
SNT AS019 19.52 3.85 0.78 2.07 0.29 1.77 0.28 47 0.70
SNT AS024 8.55 1.72 0.34 0.93 0.14 0.78 0.13 25 0.17
SNT AS028 26.95 5.22 1.10 3.04 0.43 2.59 0.40 64 0.75
SNT AS029 24.29 4.69 0.99 2.62 0.38 2.28 0.36 57 0.62
Sample ID Hf ppm Ta ppm U ppm Pb ppm Rb ppm Cs ppm Sr ppm Sc ppm Zr ppm
SNT AS001 3.36 0.80 0.28 0.85 6.7 0.09 188 46.7 124
SNT AS002 1.83 0.36 0.12 0.42 2.7 0.03 145 47.8 64
SNT AS003 4.19 1.10 0.35 0.99 8.7 0.11 189 45.7 156
SNT AS004 4.15 1.08 0.34 1.05 8.7 0.09 187 45.3 155
SNT AS006 4.70 1.26 0.42 1.25 10.8 0.13 189 44.3 176
SNT AS007 4.58 1.21 0.40 1.15 10.4 0.11 188 43.3 171
SNT AS008 4.60 1.25 0.42 1.14 10.4 0.11 190 43.8 175
SNT AS011 2.33 0.65 0.21 0.54 4.8 0.05 221 38.6 85
SNT AS013 0.57 0.16 0.05 0.20 1.3 0.01 249 22.8 21
SNT AS018 3.09 0.88 0.31 0.79 6.2 0.07 223 45.3 113
SNT AS019 2.17 0.61 0.19 0.52 4.2 0.05 229 30.6 80
SNT AS024 0.59 0.14 0.07 0.21 0.9 0.02 245 34.8 20
SNT AS028 2.69 0.69 0.22 0.72 5.3 0.06 189 45.7 100
SNT AS029 2.35 0.58 0.18 0.64 4.4 0.06 179 46.6 85
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Plagioclase microprobe data. 
 
 
 
 
 
 
 
 
 
Sample Name Where on xl Date    SiO2     Al2O3    Na2O     MgO      K2O      CaO      FeO      TiO2    Total  An # Unit
AG158 plag 1 1 7/4/2019 50.2818 30.9917 3.1456 0.1834 0.0717 14.702 0.8792 100.2553 0.82 2
AG158 plag 1 2 7/4/2019 49.4058 31.4906 2.7143 0.1729 0.0647 15.4449 0.9334 100.2265 0.85 2
AG158 plag 1 3 7/4/2019 49.7075 31.4555 2.8505 0.1606 0.038 15.1511 0.8639 100.2271 0.84 2
AG158 plag 2 1 7/4/2019 51.3198 30.5267 3.5728 0.1784 0.0789 14.0582 0.9525 100.6872 0.79 2
AG158 plag 2 2 7/4/2019 51.2323 30.5666 3.4333 0.1907 0.0797 14.2922 0.9428 100.7375 0.80 2
AG158 plag 2 3 7/4/2019 51.4486 30.7625 3.4076 0.1915 0.0777 14.2978 0.8988 101.0844 0.80 2
AG158 plag 3 core core 7/4/2019 49.8921 31.7203 2.7089 0.172 0.056 15.4421 1.0276 101.019 0.85 2
AG158 plag 3 rim rim 7/4/2019 51.9728 17.6195 3.2423 3.9149 0.3588 10.5414 10.7828 98.4326 0.75 2
AG182 Plag 1 1 7/4/2019 48.0572 27.9489 3.6526 0.1978 0.0991 13.6356 0.747 94.3383 0.78 2
AG182 Plag 1 2 7/4/2019 52.4705 29.8438 3.7984 0.1869 0.1002 13.6257 0.7608 100.7862 0.78 2
AG182 Plag 1 3 7/4/2019 51.9892 30.0252 3.6723 0.1897 0.0943 13.674 0.7522 100.3968 0.78 2
AG182 Plag 2 1 7/4/2019 52.1022 29.9611 3.7135 0.2034 0.0921 13.7107 0.8042 100.5872 0.78 2
AG182 Plag 2 2 7/4/2019 52.3081 30.2061 3.7304 0.1766 0.0852 13.6134 0.7752 100.895 0.78 2
AG182 Plag 2 3 7/4/2019 52.2323 30.0717 3.6192 0.187 0.0952 13.6557 0.8055 100.6665 0.79 2
AG182 Plag 3 1 7/4/2019 51.0216 29.7997 3.6048 0.191 0.0925 13.9255 0.8677 99.5028 0.79 2
AG182 Plag 3 2 7/4/2019 52.2313 30.2248 3.7302 0.191 0.089 13.7745 0.7731 101.0138 0.78 2
AG182 Plag 4 1 7/4/2019 52.5141 27.9892 4.1656 0.251 0.0997 12.5164 1.054 98.5901 0.75 2
AG182 Plag 4 2 7/4/2019 52.7193 28.589 4.2234 0.2335 0.1192 12.6975 1.0672 99.6515 0.75 2
AG182 Plag 4 3 7/4/2019 54.0299 27.9517 4.6247 0.2034 0.1435 11.9145 1.0421 99.9099 0.71 2
AG298 plag 1 1 7/4/2019 46.6281 33.6855 1.328 0.1737 0.0182 17.7378 0.5075 100.0765 0.93 6
AG298 Plag 1 rim rim 7/4/2019 51.2127 30.7648 3.2384 0.2338 0.0661 14.5229 0.5782 100.6169 0.81 6
AG298 Plag 1 core core 7/4/2019 47.3593 33.1716 1.5551 0.1977 0.0234 17.3384 0.5497 100.1951 0.92 6
AG298 Plag 2 1 7/4/2019 47.6997 33.3185 1.7455 0.1975 0.03 17.1102 0.5744 100.678 0.91 6
AG298 Plag 2 core core 7/4/2019 47.2986 33.2673 1.5809 0.1943 0.0276 17.3708 0.5429 100.2823 0.92 6
AG298 Plag 2 rim rim 7/4/2019 51.1713 30.5695 3.3207 0.2258 0.0842 14.3462 0.5313 100.2467 0.81 6
AG298 Plag 3 1 7/4/2019 46.866 33.9562 1.3644 0.1667 0.0215 17.6874 0.4618 100.524 0.93 6
AG298 Plag 3 2 7/4/2019 47.1994 33.4944 1.5315 0.165 0.0158 17.5602 0.4652 100.4315 0.92 6
AG298 Plag 3 3 7/4/2019 46.2637 33.7416 1.3541 0.1815 0.0267 17.6844 0.5027 99.7548 0.93 6
AG298 Plag 4 core core 7/4/2019 47.2699 33.5347 1.5902 0.1708 0.0118 17.2251 0.5518 100.3542 0.91 6
AG298 Plag 4 rim rim 7/4/2019 52.008 30.4499 3.5859 0.244 0.0773 14.0943 0.588 101.0473 0.79 6
AG299 plag 1 1 7/4/2019 47.0933 33.572 1.5699 0.1702 0.0234 17.4108 0.5642 100.4037 0.92 6
AG299 plag 1 core core 7/4/2019 47.9971 33.32 1.8061 0.1976 0.0305 17.0104 0.5944 100.956 0.90 6
AG299 plag 1 inner rim rim 7/4/2019 51.5021 30.728 3.4195 0.2323 0.0583 14.2507 0.4754 100.6663 0.80 6
AG299 plag 1 outer rim rim 7/4/2019 57.0212 26.698 5.9899 0.0915 0.2253 9.8621 0.7176 100.6032 0.61 6
AG299 plag 2 1 7/4/2019 46.8626 34.2747 1.3308 0.1546 0.0184 17.9118 0.5317 101.0845 0.93 6
AG299 plag 2 core core 7/4/2019 47.1132 33.3285 1.6002 0.1865 0.0198 17.5469 0.5437 100.3387 0.92 6
AG299 plag 2 rim rim 7/4/2019 52.0267 30.4443 3.5856 0.2452 0.0761 14.1659 0.5561 101.0999 0.79 6
AG299 plag 3 core core 7/4/2019 47.5628 33.5771 1.6089 0.188 0.0172 17.4486 0.5748 100.9773 0.91 6
AG299 plag 3 inner rim rim 7/4/2019 47.9566 33.48 1.6377 0.1871 0.0262 17.2363 0.5975 101.1214 0.91 6
AG299 plag 3 outer rim rim 7/4/2019 51.4905 31.0151 3.3945 0.2476 0.0642 14.4644 0.5031 101.1793 0.81 6
AG299 plag 4 core core 7/4/2019 47.1023 33.569 1.5053 0.1954 0.0229 17.3657 0.4699 100.2304 0.92 6
AG299 plag 4 rim rim 7/4/2019 51.1513 31.1184 3.2424 0.1964 0.0734 14.5569 0.6106 100.9494 0.81 6
AG286 Plag 1 1 7/5/2019 46.7042 33.9598 1.5129 0.1946 0.0165 17.6928 0.5236 100.6044 0.92 5
AG286 Plag 1 2 7/5/2019 46.663 33.7497 1.4162 0.1959 0.0219 17.8367 0.4905 100.3738 0.93 5
60 
 
 
 
 
 
 
 
 
 
 
 
Sample Name Where on xl Date    SiO2     Al2O3    Na2O     MgO      K2O      CaO      FeO      TiO2    Total  An # Unit
AG286 Plag 1 3 7/5/2019 46.4091 33.7443 1.5742 0.1813 0.0082 17.6285 0.473 100.0185 0.92 5
AG286 Plag 1 rim? 1 7/5/2019 50.3076 31.2902 2.9857 0.2397 0.0538 15.0692 0.6738 100.6199 0.83 5
AG286 Plag 1 rim? 2 7/5/2019 50.2323 30.9984 3.1554 0.2449 0.0625 14.8336 0.7202 100.2473 0.82 5
AG286 Plag 2 1 7/5/2019 46.7328 33.7899 1.5742 0.1736 0.0181 17.5234 0.5534 100.3653 0.92 5
AG286 Plag 2 2 7/5/2019 47.0353 33.9323 1.5554 0.1618 0.0273 17.7248 0.4998 100.9366 0.92 5
AG286 Plag 2 rim rim 7/5/2019 51.1052 31.1163 3.414 0.2303 0.0538 14.7953 0.624 101.3389 0.81 5
AG286 Plag 3 core core 7/5/2019 47.0979 33.7055 1.6539 0.1808 0.0264 17.5486 0.5994 100.8125 0.91 5
AG286 Plag 3 rim rim 7/5/2019 50.8789 30.9646 3.1715 0.2304 0.0564 14.8364 0.7351 100.8732 0.82 5
AG286 Plag 4 1 7/5/2019 46.2468 34.2928 1.2302 0.1435 0.0118 18.1085 0.4998 100.5333 0.94 5
AG286 Plag 4 2 7/5/2019 46.4918 34.172 1.4094 0.1559 0.02 17.9277 0.4998 100.6766 0.93 5
AG286 Plag 4 rim rim 7/5/2019 50.7475 31.089 3.1458 0.245 0.046 14.8533 0.704 100.8306 0.82 5
AG286 Plag 5 1 7/5/2019 46.928 33.6989 1.7021 0.1838 0.0327 17.5459 0.5589 100.6502 0.91 5
AG286 Plag 5 2 7/5/2019 46.6724 33.9165 1.6632 0.1701 0.032 17.6406 0.5364 100.6311 0.91 5
AG286 Plag 5 3 7/5/2019 46.8244 34.304 1.3239 0.1443 0.0292 18.0461 0.5543 101.2262 0.93 5
AG286 Plag 6 core core 7/5/2019 46.8251 34.0229 1.5031 0.1645 0.02 17.598 0.6117 100.7452 0.92 5
AG286 Plag 6 rim rim 7/5/2019 50.9682 30.8256 3.3145 0.2443 0.0623 14.6647 0.6866 100.7662 0.81 5
AG286 Plag 6 rim 2 rim 7/5/2019 50.7372 30.711 3.3701 0.2644 0.0609 14.5631 0.7937 100.5004 0.81 5
AG286 Plag 7 main core 1 core 7/5/2019 47.0285 34.0951 1.5397 0.1636 0.017 17.8137 0.5458 101.2033 0.92 5
AG286 Plag 7 main core 2 core 7/5/2019 46.7995 34.164 1.4406 0.1628 0.0214 17.7842 0.6015 100.974 0.92 5
AG286 Plag 7 main rim 1 rim 7/5/2019 50.6245 31.0682 3.1294 0.2307 0.0578 14.909 0.7236 100.7432 0.82 5
AG286 Plag 7 main rim 2 rim 7/5/2019 51.2592 30.9942 3.3202 0.2634 0.065 14.6244 0.6878 101.2141 0.81 5
AG286 Plag 7 top core 1 core 7/5/2019 47.6818 33.2558 1.9219 0.1872 0.0248 16.946 0.5943 100.6117 0.90 5
AG286 Plag 7 top rim 1 rim 7/5/2019 49.9744 30.6217 3.2696 0.2388 0.058 14.8073 0.7861 99.756 0.82 5
AG286 Plag 8 core 1 core 7/5/2019 47.6217 33.4372 1.6754 0.1903 0.0134 17.3306 0.6071 100.8756 0.91 5
AG286 Plag 8 core 2 core 7/5/2019 47.6756 33.5658 1.8419 0.1956 0.02 17.217 0.6006 101.1164 0.90 5
AG286 Plag 8 rim 1 rim 7/5/2019 50.8496 30.9841 3.3493 0.2531 0.059 14.6814 0.8078 100.9842 0.81 5
AG286 Plag 8 rim 2 rim 7/5/2019 51.6179 30.6994 3.507 0.2469 0.0641 14.2004 0.7546 101.0925 0.80 5
AG286 Plag 9 1 7/5/2019 46.6306 34.2755 1.3185 0.164 0.0047 18.1483 0.4585 101 0.93 5
AG286 Plag 9 2 7/5/2019 46.1465 34.3975 1.2904 0.136 0.0118 18.1658 0.4747 100.6227 0.93 5
AG286 Plag 9 3 7/5/2019 46.6838 33.9616 1.4435 0.1715 0.0111 17.8463 0.5581 100.6758 0.92 5
AG286 Plag 9 rim rim 7/5/2019 52.3276 30.3234 3.7451 0.3 0.0738 13.9742 0.8882 101.6322 0.79 5
AG239 Plag 1 1 7/5/2019 47.5191 33.5444 1.8979 0.1632 0.0205 16.9971 0.6308 100.7729 0.90 6
AG239 Plag 1 2 7/5/2019 47.3857 34.1308 1.5335 0.1337 0.0205 17.6358 0.6449 101.4848 0.92 6
AG239 Plag 1 3 7/5/2019 48.2441 33.122 1.9406 0.1683 0.0406 16.8766 0.6394 101.0315 0.89 6
AG239 Plag 1 4 7/5/2019 47.8937 33.3784 1.7483 0.1421 0.0299 17.2486 0.63 101.0709 0.91 6
AG239 Plag 2 1 7/5/2019 53.265 29.5094 4.1807 0.2286 0.1127 13.0892 0.8235 101.2091 0.75 6
AG239 Plag 2 2 7/5/2019 53.3326 29.8361 4.1471 0.2206 0.0944 13.3055 0.903 101.8392 0.76 6
AG239 Plag 2 3 7/5/2019 52.6905 29.7644 4.1804 0.2062 0.1058 13.2418 0.8945 101.0835 0.76 6
AG239 Plag 3 1 7/5/2019 46.5059 34.3398 1.2363 0.1896 0.0259 18.1415 0.4483 100.8895 0.93 6
AG239 Plag 3 2 7/5/2019 46.9724 34.1578 1.4057 0.2276 0.0235 17.9344 0.439 101.1604 0.93 6
AG239 Plag 3 rim rim 7/5/2019 53.6653 29.1656 4.3998 0.1933 0.1309 12.6107 0.9281 101.0937 0.74 6
AG236 Plag 1 1 7/5/2019 46.7623 34.0509 1.4514 0.2048 0.0337 17.814 0.4292 100.7463 0.92 6
AG236 Plag 1 2 7/5/2019 46.6795 34.1864 1.3663 0.205 0.028 18.0516 0.4321 100.9511 0.93 6
AG236 Plag 1 rim rim 7/5/2019 51.3916 30.265 3.8046 0.2149 0.0873 13.8926 0.7486 100.4045 0.78 6
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AG236 Plag 2 1 7/5/2019 47.0235 34.0854 1.4831 0.2126 0.0212 17.8012 0.4855 101.1124 0.92 6
AG236 Plag 2 2 7/5/2019 46.2843 33.6726 1.4063 0.2263 0.0219 17.8728 0.4462 99.9305 0.93 6
AG236 Plag 2 3 7/5/2019 46.5786 34.1422 1.5764 0.2226 0.0271 17.6582 0.4308 100.6359 0.92 6
AG236 Plag 3 1 7/5/2019 47.4059 33.7425 1.7667 0.2495 0.0417 17.4252 0.4802 101.1139 0.91 6
AG236 Plag 3 2 7/5/2019 47.0555 34.5176 1.391 0.2229 0.0273 17.9384 0.4487 101.6013 0.93 6
AG236 Plag 3 rim rim 7/5/2019 52.4617 29.7672 4.1874 0.2355 0.0869 13.4704 0.8179 101.0269 0.76 6
AG236 Plag 4 1 7/5/2019 52.0357 29.9993 4.0033 0.1935 0.0848 13.3991 0.8213 100.5369 0.77 6
AG236 Plag 4 2 7/5/2019 53.1772 29.3266 4.378 0.1805 0.1122 12.9987 0.8601 101.0332 0.74 6
AG236 Plag 4 3 7/5/2019 51.935 29.994 3.8637 0.1692 0.0821 13.8009 0.7122 100.557 0.78 6
AS18 Plag 1 1 core core 11/7/2019 47.311 33.9609 1.2864 0.1679 0.0298 18.1289 0.4395 0.0431 101.3674 0.93 5 (xenolith)
AS18 Plag 1 2 11/7/2019 47.7049 33.6583 1.4757 0.184 0.0189 17.8877 0.4181 0.0071 101.3546 0.92 5 (xenolith)
AS18 Plag 1 3 11/7/2019 48.0071 33.4633 1.6141 0.1993 0.0284 17.7207 0.4411 0.0255 101.4994 0.92 5 (xenolith)
AS18 Plag 1 4 rim rim 11/7/2019 48.6698 32.5263 1.9009 0.1706 0.0483 16.9094 0.6775 0.0567 100.9594 0.90 5 (xenolith)
AS18 Plag 2 1 11/7/2019 47.9134 33.4109 1.5113 0.1642 0.0243 17.9233 0.4968 0.0154 101.4595 0.92 5 (xenolith)
AS18 Plag 2 2 11/7/2019 48.2145 32.4475 1.9001 0.1812 0.0417 16.9621 0.4563 0.0302 100.2335 0.90 5 (xenolith)
AS18 Plag 2 3 11/7/2019 48.6738 32.6111 1.8839 0.1985 0.0187 17.0384 0.4752 0.0082 100.9077 0.90 5 (xenolith)
AS18 Plag 2 4 11/7/2019 47.7845 33.6035 1.5168 0.1494 0.025 17.8796 0.4885 0.0186 101.4659 0.92 5 (xenolith)
AS18 Plag 2 5 11/7/2019 48.1025 33.728 1.4773 0.1823 0.03 18.095 0.4653 0.028 102.1084 0.92 5 (xenolith)
AS18 Plag 3 1 rim rim 11/7/2019 48.6362 31.8956 2.1395 0.1923 0.036 16.7486 0.5619 0.0263 100.2364 0.89 5 (xenolith)
AS18 Plag 3 2 11/7/2019 48.7605 33.0019 1.8373 0.1886 0.0322 17.1257 0.4581 0.0197 101.424 0.90 5 (xenolith)
AS18 Plag 3 3 core core 11/7/2019 48.7986 33.1164 1.7599 0.1972 0.0248 17.1947 0.438 0.0088 101.5384 0.91 5 (xenolith)
AS18 Plag 3 4 11/7/2019 49.5259 32.3233 2.1218 0.2166 0.0362 16.5458 0.4401 0.0186 101.2282 0.88 5 (xenolith)
AS18 Plag 3 5 rim rim 11/7/2019 52.0579 30.522 3.1745 0.2459 0.0604 14.7513 0.5774 0.0755 101.4648 0.82 5 (xenolith)
AS18 Plag micro 1 microlite 11/7/2019 53.634 29.2447 3.9113 0.312 0.0886 13.4271 0.863 0.0445 101.5251 0.77 5 (xenolith)
AS18 Plag micro 2 microlite 11/7/2019 54.6714 27.5646 4.3475 0.3872 0.1471 12.1757 1.3417 0.1385 100.7736 0.73 5 (xenolith)
AS18 Plag micro 3 microlite 11/7/2019 54.0071 28.0785 4.1444 0.3137 0.1099 12.8666 0.9733 0.1548 100.6482 0.75 5 (xenolith)
AS18 Plag micro 4 microlite 11/7/2019 53.4996 28.5068 3.8472 0.3798 0.1037 13.2864 1.1087 0.1287 100.8608 0.77 5 (xenolith)
AS18 Plag micro 5 microlite 11/7/2019 53.8265 28.6219 3.9112 0.3802 0.1025 13.1733 0.9909 0.1125 101.119 0.77 5 (xenolith)
AS18 Plag micro 6 microlite 11/7/2019 53.0818 22.6468 3.3256 3.2588 0.0944 13.6548 4.3011 0.6362 100.9994 0.80 5 (xenolith)
AS18 Plag micro 7 microlite 11/7/2019 54.7812 28.146 4.4357 0.2535 0.1294 12.331 1.1683 0.1571 101.4021 0.73 5 (xenolith)
AS28 Plag 1 1 11/7/2019 47.0068 33.515 1.3647 0.1403 0.025 17.9387 0.4909 0.0197 100.501 0.93 pink
AS28 Plag 1 2 11/7/2019 47.7289 33.38 1.564 0.1641 0.0352 17.7144 0.4446 0.0277 101.0589 0.92 pink
AS28 Plag 1 3 11/7/2019 48.1132 33.305 1.6816 0.1907 0.0265 17.5202 0.4971 0.0255 101.3597 0.91 pink
AS28 Plag 1 4 11/7/2019 48.2364 33.2139 1.7939 0.1599 0.021 17.4461 0.4934 0.0408 101.4053 0.91 pink
AS28 Plag 1 5 11/7/2019 47.2228 33.2987 1.4669 0.1523 0.017 17.6911 0.5476 0.045 100.4413 0.92 pink
AS28 Plag 1 6 11/7/2019 48.7327 32.885 1.8745 0.2151 0.0298 17.1136 0.6501 0.0488 101.5495 0.90 pink
AS28 Plag 2 1 rim rim 11/7/2019 51.8139 30.8843 2.8768 0.2796 0.0687 15.1573 0.5439 0.0517 101.6761 0.84 pink
AS28 Plag 2 2 11/7/2019 46.5251 31.5794 1.6266 0.2011 0.0274 17.3827 0.493 0.0357 97.871 0.91 pink
AS28 Plag 2 3 11/7/2019 48.9536 32.6603 1.898 0.2021 0.0168 16.9414 0.4871 0.0211 101.1804 0.90 pink
AS28 Plag 2 4 11/7/2019 48.2802 33.0608 1.735 0.2157 0.0411 17.3799 0.5082 0.0099 101.2308 0.91 pink
AS28 Plag micro 1 microlite 11/7/2019 53.0823 29.5893 3.4661 0.2949 0.0828 13.9141 0.8388 0.0762 101.3445 0.80 pink
AS28 Plag micro 2 microlite 11/7/2019 52.5109 30.1112 3.2288 0.3497 0.073 14.445 0.6764 0.1099 101.5048 0.81 pink
AS28 Plag micro 3 microlite 11/7/2019 51.2843 27.1999 3.1783 1.3051 0.0691 13.7694 2.3231 0.2893 99.4185 0.81 pink
AS28 Plag micro 4 microlite 11/7/2019 53.408 29.4436 3.6515 0.272 0.1036 13.5214 0.8023 0.1093 101.3116 0.78 pink
AS28 Plag micro 5 microlite 11/7/2019 54.6348 26.8986 3.8996 0.3621 0.0987 12.5092 1.9031 0.1633 100.4693 0.76 pink
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AS29 Plag 1 1 core core 11/7/2019 48.6513 33.3757 1.7471 0.269 0.017 17.4816 0.3584 0.0154 101.9154 0.91 yellow
AS29 Plag 1 2 11/7/2019 47.6912 33.366 1.5867 0.2339 0.0368 17.7835 0.397 0.0112 101.1063 0.92 yellow
AS29 Plag 1 3 11/7/2019 46.8318 34.4001 1.1314 0.1534 0.0142 18.4288 0.3789 0.0167 101.3552 0.94 yellow
AS29 Plag 1 4 rim rim 11/7/2019 48.286 33.5097 1.5666 0.2089 0.0187 17.7229 0.4745 0.0293 101.8165 0.92 yellow
AS29 Plag 2 1 11/7/2019 48.0833 33.2813 1.4803 0.2415 0.0161 17.9703 0.3662 0.0219 101.4608 0.92 yellow
AS29 Plag 2 2 11/7/2019 48.0378 33.6857 1.5097 0.2403 0.0142 17.8494 0.3993 0.0211 101.7574 0.92 yellow
AS29 Plag 2 3 rim rim 11/7/2019 48.2288 33.5023 1.588 0.2086 0.0265 17.8234 0.5751 0.0351 101.9878 0.92 yellow
AS29 Plag 3 1 11/7/2019 48.5344 33.1952 1.7001 0.1973 0.0305 17.4336 0.4549 0.034 101.58 0.91 yellow
AS29 Plag 3 2 11/7/2019 48.3062 33.1275 1.5979 0.2029 0.0187 17.5638 0.4463 0.0244 101.2876 0.92 yellow
AS29 Plag 3 3 11/7/2019 48.0706 33.5278 1.5245 0.2139 0.0184 17.8419 0.4784 0.0156 101.691 0.92 yellow
AS29 Plag 3 4 11/7/2019 48.0861 33.389 1.5852 0.2238 0.0104 17.8063 0.4764 0.043 101.6201 0.92 yellow
AS29 Plag 4 1 core core 11/7/2019 49.2789 32.481 2.0555 0.2561 0.0293 16.9173 0.4229 0.0247 101.4656 0.89 yellow
AS29 Plag 4 2 11/7/2019 48.1336 33.2384 1.5881 0.2029 0.0241 17.6712 0.4468 0.0123 101.3173 0.92 yellow
AS29 Plag 4 3 rim rim 11/7/2019 48.1283 33.249 1.6434 0.2071 0.009 17.6479 0.5219 0.0304 101.437 0.91 yellow
AS29 Plag micro 1 microlite 11/7/2019 54.6989 21.3319 5.0421 1.2231 0.2664 9.8214 2.3205 0.2298 94.9342 0.65 yellow
AS29 Plag micro 2 microlite 11/7/2019 52.58 29.6595 3.4704 0.243 0.073 14.0586 0.9285 0.0858 101.0987 0.80 yellow
AS29 Plag micro 3 microlite 11/7/2019 52.0674 30.4087 3.3497 0.2196 0.0727 14.4496 0.7486 0.0812 101.3974 0.81 yellow
AS29 Plag micro 4 microlite 11/7/2019 12.2551 6.937 1.0963 0.0583 0.0199 3.5024 0.6429 0.0452 24.5571 0.76 yellow
AS29 Plag micro 5 microlite 11/7/2019 52.4336 29.6797 3.3703 0.3482 0.0903 14.1594 1.031 0.1232 101.2356 0.80 yellow
AG8 Plag 1 1 11/7/2019 49.3039 32.2349 2.0985 0.1543 0.0492 16.7208 0.6375 0.0118 101.2109 0.89 1B
AG8 Plag 1 2 11/7/2019 51.0249 30.9818 2.8489 0.2079 0.0434 15.2952 0.5654 0.0301 100.9975 0.84 1B
AG8 Plag 2 1 11/7/2019 47.8884 30.0351 2.324 0.19 0.0462 15.8089 0.5899 0.0079 96.8904 0.87 1B
AG8 Plag 2 2 11/7/2019 50.097 31.7852 2.462 0.2133 0.0415 15.9334 0.5936 0.0391 101.165 0.86 1B
AG8 Plag 2 3 11/7/2019 50.3609 31.5467 2.5319 0.1906 0.0531 15.7584 0.6141 0.0454 101.101 0.86 1B
AG8 Plag micro 1 microlite 11/7/2019 52.8812 10.1746 1.4111 8.9523 0.0662 12.7528 12.6273 0.8238 99.6893 0.90 1B
AG8 Plag micro 2 microlite 11/7/2019 50.9357 1.5151 0.2314 13.4252 0.016 10.5546 18.1067 0.8096 95.5944 0.98 1B
AG8 Plag micro 3 microlite 11/7/2019 54.1784 27.8609 4.1356 0.5926 0.1687 12.4513 1.3106 0.1154 100.8134 0.74 1B
AG8 Plag micro 4 microlite 11/7/2019 53.3868 27.1015 4.0349 0.1087 0.2161 11.5863 0.9818 0.1194 97.5355 0.73 1B
AG8 Plag micro 5 microlite 11/7/2019 43.9892 21.0744 4.2238 0.1249 0.1443 7.6985 1.0542 0.0998 78.4092 0.64 1B
AG8 Plag micro 6 microlite 11/7/2019 54.9296 27.7833 4.8525 0.1429 0.1908 11.4524 0.9375 0.1402 100.4291 0.69 1B
AG8 Plag micro 7 microlite 11/7/2019 56.555 27.1183 4.7213 0.1567 0.2312 11.1348 1.1274 0.1279 101.1725 0.69 1B
AG8 Plag micro 8 microlite 11/7/2019 55.5688 27.6781 4.916 0.1514 0.1793 11.3473 1.0796 0.1272 101.0476 0.69 1B
AG8 Plag micro 9 microlite 11/7/2019 55.9626 27.1627 5.1365 0.2047 0.1985 11.1079 1.7645 0.1628 101.7002 0.68 1B
AG8 Plag micro 10 microlite 11/7/2019 57.1039 27.0214 5.6067 0.089 0.3066 10.1768 0.8628 0.092 101.2591 0.63 1B
AS032 Plag 1 1 11/8/2019 47.3926 33.01 1.8328 0.0808 0.0504 16.9716 0.5144 0.0036 99.8563 0.90 gabbro
AS032 Plag 1 2 11/8/2019 47.4535 32.8691 1.9704 0.0809 0.0393 16.9008 0.5044 0.0455 99.864 0.89 gabbro
AS032 Plag 1 3 11/8/2019 47.5554 32.6652 2.0652 0.0954 0.0592 16.6707 0.4758 0.0091 99.596 0.89 gabbro
AS032 Plag 1 4 11/8/2019 49.1662 31.7578 2.5773 0.0939 0.0772 15.5457 0.5168 0.0091 99.7441 0.85 gabbro
AS032 Plag 2 1 rim rim 11/8/2019 48.6233 32.0295 2.4078 0.1087 0.0681 16.0006 0.5725 0.0073 99.8179 0.87 gabbro
AS032 Plag 2 2 11/8/2019 48.5554 31.8698 2.3939 0.1162 0.0691 16.0065 0.5806 0.0382 99.6298 0.87 gabbro
AS032 Plag 2 3 11/8/2019 48.3616 31.9692 2.2621 0.1106 0.064 16.3011 0.5554 0.0291 99.6532 0.88 gabbro
AS032 Plag 2 4 11/8/2019 47.7795 32.4687 2.0816 0.1056 0.0488 16.6022 0.5712 0.031 99.6886 0.89 gabbro
AS032 Plag 2 5 11/8/2019 49.406 31.5461 2.8185 0.1031 0.0806 15.2068 0.5785 0.0382 99.7779 0.84 gabbro
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AS032 Plag 2 6 11/8/2019 49.0639 31.5244 2.682 0.1134 0.0838 15.5099 0.5303 0.0509 99.5587 0.85 gabbro
AS032 Plag 2 7 11/8/2019 49.3077 31.4107 2.7002 0.1151 0.0824 15.4832 0.5234 0.0346 99.6573 0.85 gabbro
AS032 Plag 2 8 11/8/2019 46.0546 33.8222 1.4172 0.0747 0.0451 17.835 0.475 0.0419 99.7657 0.92 gabbro
AS032 Plag 2 9 11/8/2019 46.3492 33.5963 1.5701 0.0738 0.0296 17.6079 0.4853 0 99.7122 0.92 gabbro
AS032 Plag 2 10 11/8/2019 46.4346 33.3279 1.7653 0.0866 0.0322 17.2607 0.5156 0 99.423 0.91 gabbro
AS032 Plag 3 1 11/8/2019 48.9159 31.4231 2.6256 0.1094 0.0753 15.4999 0.548 0.02 99.2173 0.85 gabbro
AS032 Plag 3 2 11/8/2019 47.5657 32.3531 2.0571 0.1019 0.0507 16.6949 0.5517 0.0182 99.3933 0.89 gabbro
AS032 Plag 3 3 11/8/2019 47.7997 32.3325 2.2218 0.0973 0.0633 16.4251 0.559 0.0637 99.5625 0.88 gabbro
AS032 Plag 3 4 11/8/2019 46.769 33.0433 1.7063 0.0764 0.0421 17.2402 0.5728 0.02 99.4702 0.91 gabbro
AS032 Plag 4 1 rim 11/8/2019 52.0014 29.4027 3.8488 0.1358 0.1322 13.2371 0.6008 0.098 99.4569 0.77 gabbro
AS032 Plag 4 2 11/8/2019 48.1457 32.2795 2.2956 0.0973 0.069 16.2394 0.5262 0.04 99.6928 0.87 gabbro
AS032 Plag 4 3 11/8/2019 49.3499 31.4791 2.7085 0.1019 0.0815 15.4565 0.5381 0.0782 99.7937 0.85 gabbro
AS032 Plag 4 4 core 11/8/2019 46.6097 33.2914 1.658 0.0656 0.0516 17.6021 0.4824 0.0346 99.7954 0.91 gabbro
AS032 Plag 5 1 11/8/2019 45.2669 33.0668 1.4433 0.0808 0.0532 17.7138 0.5234 0.0146 98.1628 0.92 gabbro
AS032 Plag 5 2 11/8/2019 44.6556 32.6443 1.4452 0.0693 0.0291 17.7018 0.5099 0.0292 97.0844 0.92 gabbro
AS032 Plag 5 3 11/8/2019 46.5247 33.6038 1.6216 0.0778 0.0426 17.5317 0.5197 0.0018 99.9238 0.91 gabbro
AS012 Plag 1 1 11/8/2019 52.4346 29.1514 4.0351 0.1247 0.1091 12.945 0.598 0.0581 99.4561 0.76 gabbro
AS012 Plag 1 2 11/8/2019 51.875 29.5174 3.8523 0.1385 0.0971 13.2971 0.6221 0.0399 99.4395 0.77 gabbro
AS012 Plag 1 3 11/8/2019 52.1505 29.0479 4.0643 0.1406 0.1197 12.7605 0.6167 0.0508 98.951 0.75 gabbro
AS012 Plag 1 4 11/8/2019 52.318 29.1928 4.0375 0.1194 0.1029 12.9306 0.5889 0.0672 99.3574 0.76 gabbro
AS012 Plag 1 5 11/8/2019 52.3007 28.972 4.1012 0.1213 0.1003 12.6701 0.5918 0.049 98.9065 0.75 gabbro
AS012 Plag 2 1 11/8/2019 52.6192 29.0792 4.0841 0.1296 0.0939 12.7823 0.6143 0.0653 99.468 0.75 gabbro
AS012 Plag 2 2 11/8/2019 51.2523 27.217 3.8816 0.1442 0.1298 11.9532 0.9219 0.0381 95.5382 0.75 gabbro
AS012 Plag 2 3 11/8/2019 52.8338 28.9509 4.2363 0.1216 0.1037 12.667 0.6176 0.1016 99.6325 0.74 gabbro
AS012 Plag 2 4 11/8/2019 53.1273 28.7067 4.2609 0.118 0.116 12.301 0.5615 0.0563 99.2477 0.74 gabbro
AS012 Plag 2 5 11/8/2019 52.8685 28.945 4.257 0.123 0.1097 12.5799 0.6028 0.098 99.584 0.74 gabbro
AS012 Plag 3 1 11/8/2019 52.6614 29.279 3.9848 0.1258 0.0841 12.9982 0.6348 0.0635 99.8317 0.76 gabbro
AS012 Plag 3 2 11/8/2019 51.9489 29.6203 3.6424 0.1278 0.1011 13.6512 0.6217 0.0454 99.7589 0.78 gabbro
AS012 Plag 3 3 11/8/2019 52.0043 29.499 3.862 0.1163 0.0857 13.4003 0.6389 0.0254 99.632 0.77 gabbro
AS012 Plag 3 4 11/8/2019 52.1271 29.3116 3.9303 0.1064 0.0881 13.1665 0.6196 0.0418 99.3914 0.77 gabbro
AS023 Plag 1 1 rim 11/8/2019 52.1531 29.2111 3.9005 0.1288 0.1636 12.8982 0.5578 0.029 99.0421 0.76 gabbro
AS023 Plag 1 2 11/8/2019 47.8929 32.4865 2.0979 0.0899 0.0728 16.5543 0.5598 0.0346 99.7887 0.88 gabbro
AS023 Plag 1 3 11/8/2019 50.4163 30.778 3.24 0.106 0.1211 14.6532 0.568 0.0454 99.9281 0.81 gabbro
AS023 Plag 1 4 core 11/8/2019 47.7065 32.6223 2.0051 0.0924 0.0682 16.6441 0.5222 0.0273 99.6881 0.89 gabbro
AS023 Plag  2 1 11/8/2019 50.7735 31.7659 2.8202 0.1123 0.0902 15.1437 0.5656 0 101.2713 0.84 gabbro
AS023 Plag  2 2 11/8/2019 46.4001 34.1919 1.3562 0.0697 0.0125 17.9832 0.5103 0.0547 100.5785 0.93 gabbro
AS023 Plag  2 3 11/8/2019 45.6398 33.8547 1.3033 0.0702 0.026 18.1667 0.4533 0.031 99.5451 0.93 gabbro
AS023 Plag  2 4 11/8/2019 46.3052 33.9287 1.4258 0.0689 0.0199 17.8755 0.4816 0 100.1055 0.93 gabbro
AS023 Plag  3 1 11/8/2019 45.7307 34.1441 1.3173 0.066 0.0342 18.2123 0.4468 0.0383 99.9898 0.93 gabbro
AS023 Plag  3 2 11/8/2019 46.1495 33.6551 1.5518 0.0982 0.0293 17.7778 0.3988 0.0091 99.6697 0.92 gabbro
AS023 Plag  3 3 11/8/2019 45.5449 34.0066 1.3217 0.0789 0.0248 18.1319 0.4603 0.0201 99.5893 0.93 gabbro
AS023 Plag  3 4 11/8/2019 49.417 30.9076 2.8687 0.1091 0.086 15.1771 0.5697 0.0182 99.1535 0.84 gabbro
AS023 Plag  4 1 rim 11/8/2019 53.3542 28.2669 4.3406 0.1365 0.1756 12.415 0.6271 0.0671 99.383 0.73 gabbro
AS023 Plag  4 2 11/8/2019 47.9357 32.4826 2.0873 0.0795 0.0586 16.5219 0.5467 0.0182 99.7306 0.89 gabbro
AS023 Plag  4 3 core 11/8/2019 48.4106 30.7805 3.053 0.1007 0.1079 14.7809 0.5589 0.0582 97.8508 0.82 gabbro
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AS020 Plag  1 1 11/8/2019 50.1686 29.9765 3.5347 0.0756 0.1208 13.871 0.5545 0.0509 98.3526 0.79 gabbro
AS020 Plag  1 2 11/8/2019 47.7957 31.4047 2.8392 0.071 0.0907 15.1716 0.5778 0.0036 97.9544 0.84 gabbro
AS020 Plag  1 3 11/8/2019 50.0397 30.0926 3.5308 0.0853 0.1191 13.945 0.5745 0.0636 98.4507 0.79 gabbro
AS020 Plag  1 4 11/8/2019 46.9744 31.4079 2.6461 0.0813 0.0894 15.633 0.5794 0.0364 97.448 0.85 gabbro
AS020 Plag  1 5 11/8/2019 48.097 31.5209 2.7388 0.1334 0.0957 15.4691 0.5422 0.0691 98.6663 0.85 gabbro
AS020 Plag 2 1 11/8/2019 52.4795 29.6075 4.155 0.0581 0.2109 12.8891 0.4709 0.0563 99.9273 0.75 gabbro
AS020 Plag 2 2 11/8/2019 47.8559 31.4967 2.7304 0.0664 0.0912 15.3552 0.5434 0.04 98.1793 0.84 gabbro
AS020 Plag 2 3 11/8/2019 50.4209 29.6623 3.6217 0.0844 0.1864 13.553 0.6257 0.0581 98.2125 0.78 gabbro
AS020 Plag 2 4 11/8/2019 50.1045 30.0622 3.4902 0.1843 0.1141 13.778 0.6339 0.0472 98.4145 0.79 gabbro
AS020 Plag 2 5 11/8/2019 49.6417 31.0995 3.0375 0.0912 0.1034 14.9494 0.5803 0.0455 99.5486 0.83 gabbro
AS002 Plag 1 1 11/9/2019 52.6489 30.1968 3.5877 0.2048 0.0786 13.8416 0.7608 0.0227 101.3419 0.79 Holocene
AS002 Plag 1 2 11/9/2019 47.5585 33.6162 1.4397 0.1927 0.0082 17.5811 0.5063 0.0418 100.9445 0.92 Holocene
AS002 Plag 1 3 11/9/2019 47.3174 33.9074 1.3913 0.1856 0.0158 17.7674 0.4818 0.0323 101.0989 0.93 Holocene
AS002 Plag 1 4 11/9/2019 47.128 33.933 1.3923 0.1958 0.0187 17.9059 0.4155 0.0228 101.0119 0.93 Holocene
AS002 Plag 1 5 11/9/2019 48.3571 33.0676 1.8137 0.1833 0.0281 17.0517 0.5303 0.0266 101.0583 0.90 Holocene
AS002 Plag 2 1 11/9/2019 46.8448 34.1682 1.1053 0.1549 0.0029 18.2414 0.4508 0.0114 100.9796 0.94 Holocene
AS002 Plag 2 2 11/9/2019 46.7805 34.1077 1.1596 0.1528 0.0043 18.1748 0.4172 0 100.7968 0.94 Holocene
AS002 Plag 2 3 11/9/2019 46.6858 34.3321 1.1202 0.1418 0.0184 18.2174 0.4069 0.019 100.9415 0.94 Holocene
AS002 Plag 2 4 11/9/2019 46.7249 34.2536 1.2044 0.1533 0.0216 18.0597 0.452 0.0361 100.9055 0.94 Holocene
AS002 Plag 3 1 core 11/9/2019 48.3202 33.3 1.7466 0.2157 0.0197 17.2282 0.4567 0 101.287 0.91 Holocene
AS002 Plag 3 2 11/9/2019 48.6103 33.0857 1.8096 0.2166 0.0168 16.9722 0.4447 0 101.1558 0.90 Holocene
AS002 Plag 3 3 11/9/2019 47.724 33.6734 1.4919 0.1943 0.0211 17.6152 0.4423 0.0171 101.1792 0.92 Holocene
AS002 Plag 3 4 11/9/2019 48.1874 33.2224 1.7219 0.2057 0.0331 17.2331 0.4499 0.0057 101.0592 0.91 Holocene
AS002 Plag 3 5 11/9/2019 47.7671 33.6342 1.5527 0.197 0.0218 17.6087 0.4503 0 101.2318 0.92 Holocene
AS002 Plag 3 6 rim 11/9/2019 52.4772 30.2149 3.6187 0.2365 0.065 13.8943 0.7103 0.0435 101.2604 0.79 Holocene
AS002 Plag 3 7 11/9/2019 48.8179 32.5874 2.0814 0.2308 0.032 16.5956 0.5147 0.0588 100.9185 0.89 Holocene
AS002 Plag micro 1 microlite 11/9/2019 52.7564 3.7406 0.5108 15.0747 0.0162 18.2094 8.298 0.4956 99.1018 0.97 Holocene
AS002 Plag micro 2 microlite 11/9/2019 53.2307 28.4696 3.7696 0.4115 0.1534 13.148 1.3484 0.0624 100.5935 0.77 Holocene
AS002 Plag micro 3 microlite 11/9/2019 60.5943 21.8703 4.3901 0.3073 1.1447 8.739 1.7819 0.4203 99.2479 0.61 Holocene
AS002 Plag micro 4 microlite 11/9/2019 49.1438 8.9895 1.9175 9.679 0.0806 8.5693 16.1374 2.1766 96.6937 0.81 Holocene
AS002 Plag micro 5 microlite 11/9/2019 53.394 29.3036 3.9734 0.2073 0.1026 13.2645 1.1969 0.0643 101.5066 0.76 Holocene
AS002 Plag micro 6 microlite 11/9/2019 55.0146 28.2715 4.4919 0.1397 0.1414 12.0788 0.9404 0.0548 101.1331 0.72 Holocene
AS002 Plag micro 7 microlite 11/9/2019 53.8486 29.2661 4.1706 0.1448 0.1229 13.0281 1.0185 0.0321 101.6316 0.75 Holocene
AS007 Plag 1 1 11/9/2019 52.8598 29.7722 3.7754 0.1598 0.0918 13.5335 0.6918 0.0643 100.9485 0.78 red
AS007 Plag 1 2 11/9/2019 52.9285 29.9982 3.6515 0.1653 0.1006 13.5556 0.6885 0.0776 101.1657 0.78 red
AS007 Plag 1 3 11/9/2019 52.6284 29.9469 3.7723 0.1527 0.0982 13.4361 0.6988 0.0813 100.8147 0.78 red
AS007 Plag 1 4 11/9/2019 52.81 30.0387 3.5658 0.1558 0.0831 13.8144 0.7278 0.0057 101.2012 0.79 red
AS007 Plag 1 5 11/9/2019 53.4821 29.323 3.7797 0.1639 0.0932 13.1252 0.6769 0.0397 100.6837 0.77 red
AS007 Plag 2 1 11/9/2019 53.1823 29.8705 3.7864 0.153 0.0829 13.5492 0.7559 0.0586 101.4388 0.78 red
AS007 Plag 2 2 11/9/2019 53.1493 29.8987 3.7801 0.1626 0.1025 13.4967 0.686 0.0851 101.3609 0.78 red
AS007 Plag 2 3 11/9/2019 53.4113 29.6256 3.8125 0.1642 0.0888 13.2434 0.7385 0.0246 101.1088 0.77 red
AS007 Plag 2 4 11/9/2019 53.2163 29.8084 3.6851 0.1567 0.088 13.4241 0.6947 0.053 101.1263 0.78 red
AS007 Plag micro 1 microlite 11/9/2019 57.1663 26.766 5.617 0.1239 0.2736 9.9689 1.0436 0.1056 101.0648 0.63 red
AS007 Plag micro 2 microlite 11/9/2019 62.9063 27.0574 6.8266 0.1042 0.3644 8.8291 0.9829 0.1206 107.1915 0.55 red
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AS007 Plag micro 3 microlite 11/9/2019 55.5686 27.6153 4.9069 0.2088 0.1575 11.4081 1.083 0.0831 101.0313 0.69 red
AS007 Plag micro 4 microlite 11/9/2019 57.3527 26.063 5.7885 0.1376 0.3188 9.6221 1.2214 0.1376 100.6416 0.61 red
AS010 Plag 1 1 11/9/2019 47.7191 33.4735 1.6614 0.1605 0.0178 17.2491 0.4824 0.0076 100.7713 0.91 6
AS010 Plag 1 2 11/9/2019 46.7566 34.1181 1.3247 0.1572 0.0122 17.8898 0.4323 0.0057 100.6965 0.93 6
AS010 Plag 1 3 11/9/2019 46.2482 34.5781 1.104 0.1153 0.0249 18.3815 0.4174 0 100.8693 0.94 6
AS010 Plag 1 4 11/9/2019 46.8424 34.468 1.1596 0.1144 0.017 18.337 0.417 0 101.3553 0.94 6
AS010 Plag  2 1 rim 11/9/2019 52.33 29.9064 3.7603 0.1846 0.0897 13.4455 0.5375 0.0454 100.2994 0.78 6
AS010 Plag  2 2 11/9/2019 47.328 33.3149 1.6654 0.2093 0.0259 17.2662 0.4596 0.0019 100.2711 0.91 6
AS010 Plag  2 3 11/9/2019 47.4896 33.1295 1.7298 0.2261 0.0326 17.1347 0.435 0.0114 100.1886 0.91 6
AS010 Plag  2 4 core 11/9/2019 47.3091 34.063 1.3769 0.1812 0.0093 17.9586 0.4193 0.0019 101.3192 0.93 6
AS010 Plag  3 1 rim 11/9/2019 54.5253 28.8511 4.5305 0.1458 0.1529 12.1085 0.5197 0.0794 100.9131 0.72 6
AS010 Plag  3 2 11/9/2019 45.9401 34.2599 1.1344 0.1435 0.023 18.2624 0.4321 0 100.1953 0.94 6
AS010 Plag  3 3 core 11/9/2019 45.7286 33.9441 1.2501 0.1422 0.0297 17.9796 0.411 0.0228 99.5081 0.93 6
AS010 Plag  micro 1 microlite 11/9/2019 51.6068 28.2662 3.2458 0.546 0.1242 12.6659 2.1286 0.0793 98.6629 0.79 6
AS010 Plag  micro 2 microlite 11/9/2019 57.0548 27.0848 5.6289 0.0864 0.2607 10.1812 0.6404 0.1113 101.0484 0.63 6
AS010 Plag  micro 3 microlite 11/9/2019 51.372 30.6076 3.2264 0.1871 0.0704 14.4623 0.5756 0.0435 100.5449 0.81 6
AS019 Plag 1 1 11/9/2019 47.6639 33.6938 1.5486 0.1799 0.0242 17.4716 0.5252 0.055 101.1621 0.92 6
AS019 Plag 1 2 11/9/2019 47.4622 33.7593 1.4311 0.1916 0.0168 17.766 0.4224 0 101.0493 0.92 6
AS019 Plag 1 3 11/9/2019 48.3284 33.1077 1.8238 0.2098 0.0374 17.0481 0.4652 0 101.0203 0.90 6
AS019 Plag 1 4 11/9/2019 47.3985 33.5731 1.4996 0.1755 0.0141 17.6189 0.4875 0.0266 100.7938 0.92 6
AS019 Plag 2 1 11/9/2019 47.8528 33.6212 1.481 0.1984 0.0288 17.5097 0.4098 0.0095 101.1112 0.92 6
AS019 Plag 2 2 11/9/2019 47.2968 34.1135 1.2937 0.1577 0.0261 18.0644 0.4015 0.0475 101.4011 0.93 6
AS019 Plag 2 3 11/9/2019 47.395 33.7581 1.4774 0.188 0.0228 17.6374 0.4209 0.0095 100.909 0.92 6
AS019 Plag 2 4 11/9/2019 46.9399 33.872 1.2958 0.1687 0.0199 17.8789 0.4218 0.0057 100.6026 0.93 6
AS019 Plag micro 1 microlite 11/9/2019 52.815 30.3495 3.3871 0.2116 0.1017 13.9693 0.7589 0.0605 101.6535 0.80 6
AS019 Plag micro 2 microlite 11/9/2019 53.2403 29.134 3.5931 0.3967 0.0998 13.4717 0.9871 0.0832 101.0058 0.78 6
AS019 Plag micro 3 microlite 11/9/2019 52.8988 30.0529 3.4001 0.3051 0.0906 14.0022 0.7606 0.0454 101.5556 0.80 6
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AG158 Px1 1 43650 52.0049 16.701 0.2302 2.4537 19.7269 0.688 8.8769 0.2935 0.0297 0.1198 101.1245 2 0.770314
AG158 Px1 2 43650 52.2158 16.6939 0.2061 2.2708 19.9452 0.6519 8.4986 0.3042 0.0118 0.1206 100.9188 2 0.777855
AG182 Px1 1 43650 52.3484 16.7544 0.2227 2.4734 19.2088 0.7051 9.0522 0.3429 0.0297 0.1115 101.2491 2 0.767406
AG182 Px2 1 43650 50.6659 15.7947 0.2323 3.3028 19.1373 1.091 9.667 0.2727 0.0259 0.1107 100.3003 2 0.744412
AG182 Px2 2 43650 49.9433 15.7296 0.2231 3.5638 18.298 1.086 10.3581 0.3601 0.0334 0.0112 99.6067 2 0.730241
AG182 Px3 1 43650 51.3253 17.2909 0.2157 2.5157 16.2837 0.6826 10.5022 0.4083 0.0203 0.0463 99.2911 2 0.745862
AG182 Px3 2 43650 49.6183 15.9969 0.1892 4.0186 17.0132 1.3514 11.2432 0.3813 0.017 0.031 99.8602 2 0.717218
AG182 Px4 1 43650 49.6022 14.2999 0.255 4.1712 19.7971 1.5685 10.2623 0.2949 0.0461 0.077 100.3741 2 0.712969
AG182 Px5 1 43650 51.6164 18.243 0.1621 2.9631 14.58 0.9237 11.8887 0.4442 0.0513 0.1074 100.9799 2 0.732288
AG298 Px 1 1 43650 51.6423 16.2898 0.1973 3.1899 20.2653 0.75 7.9391 0.2783 0.1835 0.1562 100.8917 6 0.785297
AG298 Px 1 2 43650 51.4438 16.0804 0.1652 2.7444 19.24 1.0679 8.8262 0.2207 0.2254 0.1605 100.1745 6 0.764578
AG298 Px 2 1 43650 53.8875 17.9424 0.1492 1.6032 19.4867 0.5392 7.5586 0.2695 0.0246 0.1215 101.5824 6 0.808849
AG298 Px 2 2 43650 52.1855 16.8172 0.188 2.4682 19.6517 0.6442 7.6824 0.2313 -0.1596 0.1599 99.8689 6 0.79601
AG298 Px 3 1 43650 51.8761 16.1057 0.1293 1.712 16.8456 0.7162 11.8885 0.4139 0.1997 -0.0304 99.8567 6 0.707168
AG298 Px 3 2 43650 49.705 14.3994 0.2161 4.9611 17.9562 1.5207 11.8507 0.3257 -0.2683 0.0217 100.6882 6 0.684141
AG298 Px 4 1 43650 51.4781 11.3863 0.3905 3.9832 11.6946 2.1265 16.3956 0.4135 -0.3673 0.0207 97.5218 6 0.553165
AG298 Px 4 2 43650 45.6169 11.4608 0.4059 4.65 12.6523 2.246 19.7179 0.4153 -0.1424 0.0359 97.0586 6 0.508868
AG298 Px 4 3 43650 47.8761 13.1648 0.8026 5.3497 12.6234 2.4558 16.4671 0.4045 -0.053 0.0242 99.1153 6 0.587648
AG299 Px 1 1 43650 50.6251 14.0578 0.2301 2.4952 18.0325 1.0709 13.0565 0.4546 -0.135 0.0052 99.893 6 0.657452
AG299 Px 1 2 43650 50.2124 13.8866 0.2481 2.5841 18.4133 1.1275 12.9268 0.4216 0.0221 0.0088 99.8514 6 0.656941
AG299 Px 2 1 43650 51.804 16.4712 0.2181 3.4209 20.1737 0.7666 7.3633 0.257 -0.0123 0.198 100.6604 6 0.7995
AG299 Px 2 2 43650 53.0745 17.1509 0.1608 1.9678 20.6638 0.4834 6.764 0.2665 -0.0699 -0.0826 100.3791 6 0.81884
AG299 Px 3 1 43650 52.0118 16.6431 0.1939 2.2887 17.3847 0.8172 11.0443 0.4002 -0.0047 0.0088 100.7879 6 0.728723
AG299 Px 3 2 43650 53.4955 17.8142 0.1149 1.3946 18.8011 0.4684 8.1453 0.3682 -0.0104 0.1378 100.7296 6 0.795861
AG286 Px 1 1 outer core 43651 51.5403 15.9884 0.235 3.5411 20.0916 0.8971 8.1891 0.299 0 0 100.7816 5 0.776803
AG286 Px 1 2 inner core 43651 53.4914 18.2863 0.1557 1.7172 18.7414 0.5198 7.7491 0.2951 0.0005 0 100.9565 5 0.807935
AG286 Px 1 3 inner rim 43651 52.2065 16.5415 0.2127 3.2382 20.779 0.7334 7.2242 0.2318 0 0 101.1672 5 0.803214
AG286 Px 1 4 outer core 43651 53.6944 18.5596 0.1718 1.683 18.0504 0.4693 8.1739 0.297 0 0 101.0993 5 0.801884
AG286 Px 1 5 middle 43651 53.632 18.7522 0.1915 1.7472 17.7099 0.4479 8.4536 0.3317 -0.0009 0 101.265 5 0.798153
AG286 Px 1 6 middle 43651 51.154 16.4351 0.19 3.7495 20.2471 0.907 7.7783 0.2557 0 0 100.7166 5 0.790203
AG286 Px 1 7 outer rim 43651 48.7532 14.0842 0.2697 5.6102 19.9322 2.0454 9.795 0.3044 0 0 100.7942 5 0.719352
AG286 Px 2 1 43651 50.9583 16.2222 0.2018 4.013 20.3386 0.9927 7.4352 0.2521 0 0.0006 100.4145 5 0.795471
AG286 Px 2 2 43651 50.7807 15.8783 0.205 4.0462 19.8928 1.011 8.1087 0.244 0 0 100.1666 5 0.777315
AG286 Px 2 3 43651 52.7317 18.404 0.1368 1.8536 18.7016 0.4533 7.586 0.2779 0 0.0006 100.1454 5 0.812195
AG286 Px 3 1 43651 52.0732 16.4095 0.218 3.492 19.9756 0.8138 8.2207 0.2071 0 0 101.4098 5 0.780619
AG286 Px 3 2 43651 52.5154 16.93 0.1761 2.7794 20.2797 0.7079 7.7755 0.3079 0 0 101.4719 5 0.795138
AG286 Px 4 1 43651 52.195 16.764 0.2085 3.2356 20.741 0.7167 7.06 0.2345 0 0 101.1552 5 0.808897
AG286 Px 4 2 43651 53.3829 18.5317 0.1313 1.5787 17.7585 0.4822 8.4951 0.3223 -0.0009 0 100.6817 5 0.795445
AG286 Px 6 1 43651 53.6796 17.8175 0.1603 1.7988 19.9016 0.4857 7.4088 0.2822 0 0 101.5345 5 0.810856
AG286 Px 6 2 43651 53.2663 17.903 0.1684 1.591 18.191 0.4974 9.0623 0.3281 0 0 101.0075 5 0.778839
AG286 Px 7 1 43651 51.6329 15.9728 0.1903 3.1868 20.1095 0.9073 8.7144 0.2545 0 0 100.9685 5 0.765663
AG286 Px 7 2 43651 51.6947 16.4 0.2339 3.1427 20.5307 0.7916 7.8886 0.2504 0 0 100.9325 5 0.787502
AG286 Px 7 3 43651 51.4408 16.3483 0.1878 3.525 20.2496 0.934 7.5309 0.2535 0 0 100.4698 5 0.794649
AG239 Px 2 1 43651 49.6821 14.6233 0.2954 4.2839 19.501 1.482 10.9502 0.4093 0 0 101.2271 6 0.704189
AG239 Px 2 2 43651 52.5522 16.9841 0.1754 1.5813 17.0969 0.6764 11.6942 0.3782 0 0 101.1386 6 0.721367
AG239 Px 2 3 43651 53.2614 17.742 0.1779 1.6902 16.9643 0.554 10.1396 0.4017 0 0 100.9311 6 0.757231
AG239 Px 2 4 43651 48.137 12.116 0.3412 4.8479 19.6074 2.4378 13.4969 0.3895 0 0 101.3736 6 0.615416
AG239 Px 3 1 core 43651 49.8383 15.3272 0.2734 4.3948 18.4795 1.4227 10.7246 0.3848 0 -0.0012 100.844 6 0.718121
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Sample Name Where on xl Date    SiO2     MgO      Na2O     Al2O3    CaO      TiO2     FeO      MnO      NiO      Cr2O3   Total  Unit Mg #
AG239 Px 3 2 43651 49.8876 15.1601 0.2516 3.5607 20.1153 1.125 9.4865 0.316 0 0 99.9028 6 0.740173
AG239 Px 4 1 43651 51.9261 16.697 0.2171 1.801 18.2787 0.6659 10.5259 0.431 0.0005 0 100.5432 6 0.738746
AG239 Px 4 2 rim 43651 49.272 14.8569 0.2614 4.4885 18.4746 1.4375 11.369 0.3652 0 0 100.525 6 0.699653
AG236 Px 1 1 43651 52.6302 17.6217 0.2089 1.8039 16.6798 0.5936 10.8746 0.4486 0.0005 0 100.8618 6 0.742838
AG236 Px 1 2 43651 51.1891 15.7382 0.2189 3.5298 19.7793 1.0286 9.1005 0.3224 0 0 100.9068 6 0.755069
AG236 Px 2 1 43651 50.6933 15.0214 0.2724 3.9056 20.2628 1.0666 9.849 0.3162 0 0.0006 101.3878 6 0.731093
AG236 Px 2 2 43651 50.2748 15.084 0.2618 4.0043 19.7537 1.363 10.0951 0.2992 0.0005 0 101.1364 6 0.72704
AG236 Px 3 1 43651 51.1192 15.817 0.2626 3.4746 20.2008 0.9088 8.8131 0.3124 0.0005 0 100.909 6 0.761862
AG236 Px 3 2 43651 52.5636 16.8822 0.1977 2.2535 19.0151 0.675 9.354 0.3513 -0.0009 0 101.2915 6 0.762878
AS032 CPX 1 1 43777 52.1765 16.7686 0.225 2.5569 20.6326 0.5777 7.0397 0.208 0.0193 0.1585 100.3627 xenolith 0.809384
AS032 CPX 1 2 43777 52.6166 17.0714 0.2106 2.3551 20.4568 0.5729 7.0099 0.1986 0.0062 0.1684 100.6665 xenolith 0.812776
AS032 CPX 1 3 43777 51.8889 16.671 0.1943 2.7186 20.7106 0.6187 6.9525 0.2266 0.0211 0.2211 100.2233 xenolith 0.810404
AS032 CPX 2 1 43777 52.6384 16.9085 0.253 2.4859 20.6226 0.5546 7.2617 0.1915 0 0.13 101.0462 xenolith 0.805851
AS032 CPX 2 2 43777 52.882 16.8925 0.2445 2.4484 20.5586 0.5656 7.4365 0.2032 0 0.1175 101.3487 xenolith 0.801952
AS032 CPX 2 3 43777 52.7089 16.7917 0.2276 2.4893 20.5898 0.5895 7.2235 0.2008 0.0076 0.1232 100.9519 xenolith 0.805591
AS032 CPX 2 4 43777 52.172 16.681 0.1965 2.4247 20.562 0.6067 7.3927 0.1685 0.0145 0.1274 100.3459 xenolith 0.800887
AS032 CPX 3 1 43777 51.8763 16.4969 0.2294 2.8167 20.5931 0.6715 7.3498 0.1861 0.0138 0.149 100.3826 xenolith 0.800044
AS032 CPX 3 2 43777 52.4873 16.7142 0.2116 2.61 20.6309 0.6692 7.3499 0.1942 0.0047 0.0977 100.9696 xenolith 0.802127
AS032 CPX 3 3 43777 52.0288 16.8267 0.2243 2.1346 20.2877 0.5383 6.9441 0.1967 0.0127 0.1894 99.3833 xenolith 0.812013
AS032 CPX 3 4 43777 52.5412 16.9008 0.2362 2.5944 20.7786 0.6176 7.1806 0.1509 0.0094 0.1089 101.1186 xenolith 0.807531
AS012 CPX 1 1 43777 51.6634 15.5587 0.2468 2.2181 18.3434 0.8859 11.125 0.3843 0.013 0.0024 100.441 xenolith 0.713715
AS012 CPX 1 2 43777 51.3912 15.558 0.2862 2.5587 19.3154 0.8339 10.326 0.3072 0.0134 0.0386 100.6285 xenolith 0.728689
AS012 CPX 1 3 43777 51.9644 15.258 0.2619 1.8755 18.1583 0.7203 12.006 0.3985 0.0051 0 100.6479 xenolith 0.693762
AS012 CPX 1 4 43777 51.7656 15.6113 0.2425 2.0471 18.4119 0.7264 11.2987 0.3147 0 0 100.4181 xenolith 0.711232
AS012 CPX 1 5 43777 51.9094 15.5467 0.2242 2.2581 17.7215 0.8208 11.6975 0.3592 0.012 0.0098 100.5592 xenolith 0.703192
AS012 CPX 2 1 43777 52.1526 16.0305 0.253 1.8023 17.0083 0.7054 12.2542 0.3898 0 0.0238 100.6199 xenolith 0.699873
AS012 CPX 2 2 43777 51.5925 15.4429 0.2641 2.1997 17.9635 0.7734 11.6854 0.3514 0 0 100.2729 xenolith 0.702008
AS012 CPX 2 3 43777 51.626 15.1416 0.2182 2.0681 18.7331 0.8321 11.2735 0.3522 0 0.0012 100.2459 xenolith 0.705382
AS012 CPX 2 4 43777 51.7795 15.6517 0.2974 2.2072 18.5146 0.8242 11.0771 0.3172 0.0083 0 100.6772 xenolith 0.71581
AS012 CPX 3 1 43777 51.42 15.3714 0.2082 2.3994 18.5039 0.8651 11.0973 0.3401 0.0091 0.011 100.2254 xenolith 0.711746
AS012 CPX 3 2 43777 51.7441 15.5625 0.234 2.0881 18.297 0.8031 11.369 0.3637 0 0 100.4614 xenolith 0.709312
AS012 CPX 3 3 43777 51.8137 15.2846 0.2156 1.87 18.0668 0.7311 12.1858 0.3825 0 0 100.55 xenolith 0.690967
AS012 CPX 3 4 43777 51.6752 15.5115 0.292 2.0682 18.0526 0.8134 11.6301 0.38 0.0123 0.0024 100.4376 xenolith 0.703924
AS012 CPX 4 1 43777 51.7579 15.8083 0.2727 2.3661 17.7015 0.8281 11.8499 0.388 0.0315 0 101.0039 xenolith 0.703972
AS012 CPX 4 2 43777 51.7324 15.6939 0.2736 2.2744 17.8642 0.846 11.6812 0.3477 0.0091 0.0134 100.7358 xenolith 0.705445
AS012 CPX 4 3 43777 51.57 15.8752 0.2723 2.3988 18.3735 0.8132 10.9949 0.3368 0.017 0 100.6517 xenolith 0.720188
AS012 CPX 4 4 43777 50.8539 16.092 0.2508 2.2713 17.5962 0.7827 11.3872 0.3835 0.0185 0.0073 99.6435 xenolith 0.715837
AS023 CPX 1 1 43777 52.5046 16.7719 0.2539 2.5017 20.1212 0.6893 7.8027 0.2193 0.0193 0.0383 100.9222 xenolith 0.793033
AS023 CPX 1 2 43777 52.8392 16.7133 0.2487 2.6725 20.2766 0.7419 8.006 0.2005 0.0018 0.0321 101.7325 xenolith 0.788196
AS023 CPX 1 3 43777 52.528 16.7099 0.2309 2.616 20.4015 0.7011 7.5287 0.2165 0.0265 0.0859 101.0449 xenolith 0.798243
AS023 CPX 1 4 43777 52.9041 17.0061 0.2022 2.433 19.9413 0.6648 7.5122 0.2106 0.0396 0.0982 101.012 xenolith 0.801407
AS023 CPX 1 5 43777 52.3408 16.3945 0.2175 2.6977 20.5577 0.682 7.6459 0.2306 0 0.0649 100.8316 xenolith 0.792629
AS023 CPX 1 6 43777 50.6711 15.4927 0.2948 2.6283 19.0459 0.9391 9.8173 0.2825 0.0127 0 99.1845 xenolith 0.737747
AS023 CPX 2 1 43777 52.0522 16.531 0.2683 2.5146 20.31 0.6677 7.887 0.1968 0.0091 0.0142 100.4509 xenolith 0.788864
AS023 CPX 2 2 43777 52.5851 16.5607 0.2673 2.5611 20.5543 0.6144 7.596 0.2124 0.0098 0.0711 101.0322 xenolith 0.79535
AS023 CPX 2 3 43777 52.4623 16.5566 0.2471 2.5178 20.4146 0.6643 7.5086 0.2092 0.0036 0.0822 100.6662 xenolith 0.797187
AS023 CPX 2 4 43777 51.2026 16.0974 0.2746 2.4231 20.2282 0.6009 7.5154 0.1857 0.0269 0.0723 98.6272 xenolith 0.792453
AS023 CPX 3 1 43777 52.6002 16.773 0.2265 2.6942 20.5479 0.6355 7.2567 0.1732 0.02 0.1058 101.0329 xenolith 0.804697
AS023 CPX 3 2 43777 52.1418 16.5471 0.2278 2.664 20.2878 0.6907 7.6335 0.2265 0.0309 0.068 100.518 xenolith 0.794413
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Sample Name Where on xl Date    SiO2     MgO      Na2O     Al2O3    CaO      TiO2     FeO      MnO      NiO      Cr2O3   Total  Unit Mg #
AS023 CPX 3 3 43777 52.6338 16.7855 0.286 2.5481 20.3976 0.6532 7.6846 0.1931 0.0269 0.0803 101.289 xenolith 0.795657
AS023 CPX 3 4 43777 52.3783 16.5577 0.2483 2.7411 20.5292 0.7292 7.5915 0.2247 0 0.089 101.0889 xenolith 0.795417
AS020 CPX 1 1 43777 50.8031 15.4057 0.2521 2.0191 19.5036 0.8786 9.6407 0.268 0.0127 0.0295 98.8132 xenolith 0.740163
AS020 CPX 1 2 43777 52.1692 15.8974 0.2767 2.3756 21.2128 0.7481 7.6148 0.2786 0.0218 0.0476 100.6426 xenolith 0.788204
AS020 CPX 1 3 43777 52.1575 16.0811 0.2452 2.4028 20.3629 0.7302 8.3909 0.2684 0.0631 0.074 100.7761 xenolith 0.773568
AS020 CPX 1 4 43777 50.3677 15.0615 0.5428 5.0311 15.2987 0.6885 11.3275 0.242 0.0417 0.0201 98.6217 xenolith 0.703283
AS020 CPX 2 1 43777 51.802 15.8164 0.2542 2.0915 19.4181 0.9182 10.0417 0.2998 0.0214 0.0104 100.6736 xenolith 0.737375
AS020 CPX 2 2 43777 52.1224 16.4643 0.2512 2.4556 19.8557 0.7102 8.5046 0.2334 0.0163 0.0869 100.7005 xenolith 0.77533
AS020 CPX 2 3 43777 52.147 16.323 0.2497 2.3292 20.3614 0.6765 8.2943 0.2193 0.0316 0.1301 100.762 xenolith 0.778177
AS020 CPX 2 4 43777 52.3929 16.7383 0.2567 2.3017 19.488 0.7013 8.538 0.1894 0.016 0.0474 100.6696 xenolith 0.777515
AS002 CPX micro 1 microlite 43778 52.5348 16.1856 0.2508 2.3567 18.1801 0.5975 10.1866 0.2766 0.0176 0.1692 100.7554 holocene 0.739066
AS002 CPX micro 2 microlite 43778 51.302 15.4107 0.2112 2.2498 17.6941 1.0445 12.0806 0.2941 0.0021 0.1577 100.4467 holocene 0.694561
AS002 CPX micro 3 microlite 43778 50.3923 15.081 0.2659 4.4466 17.9591 1.1015 10.3665 0.241 0 0.209 100.0628 holocene 0.721703
AS002 CPX micro 4 microlite 43778 50.1325 13.5732 0.2816 2.4157 16.5882 1.3025 15.2793 0.3601 0 0.0048 99.9379 holocene 0.612935
AS002 CPX micro 5 microlite 43778 50.9696 15.9525 0.1925 4.0301 17.2453 0.8751 10.7214 0.2894 0 0.2853 100.5611 holocene 0.726203
AS002 CPX micro 6 microlite 43778 51.432 16.712 0.1646 1.7066 14.1474 0.665 14.5026 0.3679 0.0197 0.1046 99.8224 holocene 0.672578
AS007 CPX micro 1 microlite 43778 50.1751 14.0666 0.241 2.4993 12.3654 1.5131 19.0877 0.4954 0 0 100.4435 red 0.567787
AS007 CPX micro 2 microlite 43778 50.8615 15.1756 0.2415 2.7093 16.4136 1.1313 13.3098 0.3494 0.013 0.0971 100.3021 red 0.670237
AS007 CPX micro 3 microlite 43778 47.9131 9.7843 0.3119 2.9315 15.8205 2.5076 20.1575 0.5147 0.045 0 99.9862 red 0.463881
AS010 CPX micro 1 microlite 43778 53.2774 16.9799 0.1564 2.4806 20.3206 0.6972 7.1939 0.1907 0 0.1576 101.4542 6 0.807969
AS010 CPX micro 2 microlite 43778 51.9964 15.8816 0.2194 2.2719 19.5117 0.8164 9.1121 0.2061 0 0 100.0155 6 0.756508
AS010 CPX micro 3 microlite 43778 53.8838 17.282 0.1587 1.5059 19.7594 0.4972 7.2644 0.1803 0.0231 0.1385 100.6932 6 0.809189
AS010 CPX 1 1 43778 51.413 16.1422 0.2294 3.8755 20.6372 0.8558 6.6616 0.1675 0 0.6355 100.6176 6 0.812014
AS010 CPX 1 2 43778 52.158 16.8572 0.2573 3.1392 20.4862 0.6577 6.492 0.1945 0.0193 0.5342 100.7955 6 0.822339
AS010 CPX 1 3 43778 52.4967 16.736 0.1971 3.1011 21.3179 0.6001 5.8695 0.1493 0.0303 0.561 101.0589 6 0.835602
AS010 CPX 1 4 43778 51.925 16.2517 0.238 3.4089 20.3758 0.8559 7.4341 0.1723 0.0424 0.2216 100.9256 6 0.795791
AS019 CPX micro 1 microlite 43778 47.1715 12.4883 0.2352 5.5497 17.2517 2.4176 14.4361 0.2997 0.0138 0.075 99.9387 6 0.606621
AS019 CPX micro 2 microlite 43778 48.7211 15.2978 0.2902 6.3181 18.3984 1.8588 9.1008 0.2177 0.0344 0.1646 100.4018 6 0.749776
AS019 CPX micro 3 microlite 43778 49.6836 16.2076 0.2693 6.1799 17.1498 1.4231 9.5468 0.2774 0.039 0.0319 100.8083 6 0.751634
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Olivine microprobe data. 
 
 
 
Bolded point samples were analyzed as clinopyroxene, so results may be slightly inaccurate.  
 
 
 
 
 
 
 
 
Sample Name Where on Xl Date    SiO2     MgO      CaO      TiO2     FeO      MnO      NiO      Cr2O3   Total  Unit Mg #
AS032 Ol 1 1 11/8/2019 37.7687 36.0589 0.1528 0.021 23.5171 0.2481 0.0802 0 97.8469 xenolith 0.732138
AS032 Ol 1 2 11/8/2019 36.394 37.9034 0.1563 0.0369 23.4655 0.2898 0.0708 0.0242 98.341 xenolith 0.742228
AS032 Ol 1 3 11/8/2019 38.4459 37.7423 0.1501 0.002 23.5877 0.3127 0.0701 0 100.3107 xenolith 0.740415
AS032 Ol 1 4 11/8/2019 37.6713 39.057 0.1543 0.0089 23.3099 0.3406 0.0542 0.0139 100.61 xenolith 0.749174
AS032 Ol 1 5 11/8/2019 40.5221 42.2868 0.1457 0.014 23.174 0.2168 0.0876 0 106.4469 xenolith 0.76486
AS032 Ol 2 1 11/8/2019 37.1453 34.2232 0.1962 0.0523 27.533 0.3568 0.0497 0 99.5565 xenolith 0.68903
AS032 Ol 2 2 11/8/2019 37.597 34.2647 0.1918 0.05 27.472 0.3885 0.1103 0 100.0742 xenolith 0.689764
AS032 Ol 2 3 11/8/2019 37.4366 34.2346 0.1919 0.0083 27.3492 0.3391 0.0736 0 99.6334 xenolith 0.690535
AS032 Ol 2 4 11/8/2019 37.3155 34.0835 0.1656 0.0178 27.6893 0.3745 0.0815 0 99.7278 xenolith 0.686937
AS032 Ol 3 1 11/8/2019 37.9583 36.564 0.1431 0.0134 24.4437 0.3005 0.0881 0.0058 99.5169 xenolith 0.727259
AS032 Ol 3 2 11/8/2019 37.2836 36.6695 0.1402 0.0056 24.9301 0.3003 0.0932 0 99.4225 xenolith 0.72391
AS032 Ol 3 3 11/8/2019 38.1671 38.0289 0.1323 0.0336 24.7244 0.3223 0.091 0 101.4996 xenolith 0.732751
AS032 Ol 3 4 11/8/2019 38.012 36.9221 0.1597 0.004 24.5095 0.335 0.0982 0.0092 100.0496 xenolith 0.728657
AS032 Ol 4 1 11/8/2019 37.2287 34.1422 0.183 0.0008 28.2287 0.3783 0.098 0 100.2596 xenolith 0.683145
AS032 Ol 4 2 11/8/2019 36.9739 34.0637 0.19 0.0173 28.3744 0.3852 0.0548 0.0068 100.066 xenolith 0.681531
AS032 Ol 4 3 11/8/2019 37.3258 34.225 0.1768 0.0166 28.1355 0.3734 0.0735 0 100.3265 xenolith 0.684384
AS032 Ol 4 4 11/8/2019 37.1424 34.3491 0.1789 0 27.8437 0.3735 0.0692 0.0091 99.966 xenolith 0.68741
AS032 Ol 4 5 11/8/2019 37.1509 34.4178 0.1573 0 28.4498 0.4018 0.0475 0 100.6251 xenolith 0.683197
AS020 Ol 1 1 11/8/2019 36.4755 32.2628 0.1331 0.0297 30.1387 0.4039 0.0309 0 99.4747 xenolith 0.656148
AS020 Ol 1 2 11/8/2019 36.9908 32.5788 0.1291 0.0285 30.0093 0.3609 0.0367 0 100.134 xenolith 0.659311
AS020 Ol 1 3 11/8/2019 36.9396 32.2766 0.1332 0.0173 29.6359 0.4189 0.0317 0 99.4533 xenolith 0.66003
AS020 Ol 1 4 11/8/2019 33.9799 27.2416 0.4484 0.0284 29.8333 0.3697 0.0288 0.0112 91.9414 xenolith 0.619444
AS020 Ol 1 5 11/8/2019 37.3791 33.1019 0.1503 0.0421 29.6995 0.4172 0.0605 0 100.8505 xenolith 0.665195
AS002 Ol micro 1 microlite 11/9/2019 34.8695 21.2498 0.4309 0.0845 43.2323 0.508 0.062 0.0043 100.4413 holocene 0.467005
AS002 Ol micro 2 microlite 11/9/2019 34.6115 21.9505 0.421 0.069 41.9148 0.4666 0.0347 0 99.4681 holocene 0.482812
AS002 Ol micro 3 microlite 11/9/2019 34.1537 20.8673 0.4109 0.0597 42.4242 0.4138 0.0256 0.0173 98.3726 holocene 0.467181
AS002 Ol micro 4 microlite 11/9/2019 34.8375 24.8587 0.4597 0.0602 38.8435 0.4957 0.1152 0.0248 99.6954 holocene 0.532887
AS002 Ol micro 5 microlite 11/9/2019 33.8013 18.7173 0.4442 0.0734 45.597 0.5216 0.0552 0.0114 99.2214 holocene 0.422548
AS002 Ol micro 6 microlite 11/9/2019 34.4174 21.4535 0.3786 0.0659 42.578 0.537 0.0686 0 99.4991 holocene 0.473181
AS007 Ol med 1 11/9/2019 36.2683 28.7452 0.3257 0.0738 34.2536 0.4093 0.0524 0 100.1282 red 0.599348
AS007 Ol micro 2 microlite 11/9/2019 36.8254 27.3311 1.2295 0.2126 33.2354 0.4262 0.0191 0 99.2794 red 0.594471
AS007 Ol med 3 11/9/2019 36.1187 28.4177 0.3246 0.0803 34.1858 0.4423 0.0731 0 99.6425 red 0.59707
AS007 Ol micro 4 microlite 11/9/2019 35.8455 28.3988 0.4326 0.0879 34.0142 0.4237 0.049 0.0148 99.2666 red 0.59812
AS007 Ol med 1 11/9/2019 35.9696 28.7439 0.3342 0.093 33.5716 0.4435 0.0025 0.0104 99.1688 red 0.604157
AS007 Ol med 4 11/9/2019 36.0878 28.5835 0.3868 0.1066 33.5639 0.4308 0.0033 0.0015 99.1643 red 0.602873
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Thin section descriptions. 
 
AS Description Petrography 
001 
Early 
Holocene 
pahoehoe lava 
flow 
The sample is 50% vesiculated with vesicles coalesced and 
polylobate in shape. The sample is 10% plagioclase phenocrysts 
which are subhedral, up to 0.7 mm and contain melt inclusions. 
Clinopyroxene microlites are subhedral and up to 0.3 mm long. 
Most crystals appear in glomerocrysts which measure up to 1.3 
mm. Groundmass is made up of tachylite contains <1% 
plagioclase laths and clinopyroxene microlites that are <1 mm.  
002 
Early 
Holocene lava 
flow 
The sample is 15% vesicular with convoluted vesicles and 53% 
groundmass that consists of 40% sideromelane and 60% tachylite 
with distinct boundaries between the two. The sample is 7% 
phenocrysts with 5% plagioclase and 2% olivine with phenocrysts 
occurring in glomerocrysts. The plagioclase is elongate and 
measure up to 2 mm in length. The olivine is 0.8 mm long and is 
euhedral. Groundmass contains 25% microlites measuring <0.2 
mm. The microlites are 15% plagioclase, 5% clinopyroxene and 
5% olivine.  
003 
Historical 
yellow a’a lava 
flow 
The sample is 45% vesiculated with convoluted and coalesced 
vesicles. The sample contains 5% plagioclase phenocrysts up to 
0.75 mm in length. The phenocrysts are extremely weathered. The 
groundmass is 43% of the sample and is made up of tachylite and 
an additional 5% plagioclase laths and 2% clinopyroxene 
microlites. All microlites are <0.1 mm.   
004 
Historical 
green lava flow 
The sample is 40% vesiculated and vesicles are convoluted to 
collapsed in shape. Vesicles occasionally contain palagonite. The 
sample contains no phenocrysts. The groundmass is 35% of the 
sample and is comprised of tachylite glass. The sample contains 
microlites that are 15% plagioclase laths and 10% clinopyroxene 
and are ≤ 0.1 mm long.  
005 
Gabbro 
xenolith 
The sample is <1% vesicular and 55% phenocrysts. The 
phenocrysts are likely entirely plagioclase that are euhedral to 
subhedral and contain zoning. The phenocrysts are up to 3.0 mm 
in length and contain melt inclusions. The sample contains 5% 
anhedral opaques which fill in around phenocrysts and microlites. 
The sample groundmass is crystalline and comprised of 25% 
plagioclase laths and 15% clinopyroxene. Plagioclase laths are up 
to 0.45 mm long and clinopyroxene is up to 0.2 mm.  
006 
Historical 
green lava flow 
The sample is 30% vesicular with convoluted vesicles. The 
sample contains no phenocrysts and 65% groundmass comprised 
of tachylite. Microlites make up 15% of the sample with 14% 
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being plagioclase laths up to 0.1 mm in length and 1% 
clinopyroxene <0.1 mm in length.  
007 
Historical red 
lava flow 
The sample is 25% vesicular with vesicles that are circular to 
elongate and are aligned. The sample contains 5% plagioclase 
phenocrysts. Phenocrysts are euhedral to subhedral and are up to 
2.0 mm long. They also do not contain zoning and have interior 
alteration. The sample is 20% tachylite glass in the groundmass 
and 50% microlites, with 45% being plagioclase and 5% 
clinopyroxene. Plagioclase microlites are laths measuring up to 
0.2 mm in length and are partially aligned. Clinopyroxene 
microlites are <0.2 mm in length and are rarely aligned to other 
clinopyroxene or the plagioclase.  
008 
Historical 
green lava flow 
The sample is 25% vesiculated and vesicles are convoluted in 
shape. The sample contains no phenocrysts and 30% tachylite 
groundmass. The microlites make up 45% of the sample with 
30% plagioclase laths and 15% clinopyroxene. The plagioclase 
laths and clinopyroxenes are <0.1 mm in length.  
009 Glacial Unit 6  
The sample is 20% vesicular and vesicles are coalesced and 
convoluted. There is some alteration within the vesicles. The 
sample is 30% plagioclase phenocrysts. The phenocrysts are 
euhedral to subhedral, are zoned and are up to 7.5 mm long. 
Phenocrysts occasionally contain melt inclusions. The 
groundmass makes up 25% of the sample and is comprised of 
tachylite. Microlites make up 25% of the sample as 15% 
plagioclase and 10% clinopyroxene. The plagioclase microlites 
are laths that are up to 0.4 mm long, and the clinopyroxenes are 
up to 0.2 mm long.  
010 Glacial Unit 6 
The sample is <1% rounded vesicles and 5% opaques.  The 
opaques are either anhedral inclusions or fill in around crystals 
and can be up to 1.8 mm long. The sample is 50% plagioclase 
phenocrysts. The phenocrysts are euhedral to subhedral, are zoned 
and have melt inclusions. Plagioclase can be up to 6.7 mm in 
length. The groundmass is comprised of opaques and microlites. 
Microlites make up 45% of the sample as 25% plagioclase, 10% 
clinopyroxene and 10% olivine. The plagioclase microlites are 
laths that are up to 0.4 mm long, clinopyroxenes are up to 0.3 mm 
long and olivine up to 0.2 mm long.  
011 Glacial Unit 6 
The sample is 30% vesicular with circular to convoluted vesicles. 
Phenocrysts make up 20% of the sample and are euhedral 
plagioclase up to 5.6 mm in length. Phenocrysts occasionally 
exhibit parallel fractures and contain melt inclusions. The 
groundmass is 15% of the sample and is made up of tachylite. 
Microlites are 35% of the sample and are primarily plagioclase 
laths and clinopyroxene. The plagioclase laths are 25% of the 
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sample and are up to 0.3 mm in length. The clinopyroxene is 10% 
and are less than 0.1 mm.  
012 
Gabbro 
xenolith 
The sample is 30% rounded to polylobate vesicles and 20% 
opaques that are up to 5.7 mm long. Phenocrysts are 50% of the 
sample with 20% plagioclase phenocrysts, 20% clinopyroxene 
phenocrysts and 10% olivine phenocrysts. The plagioclase 
phenocrysts are subhedral to anhedral, elongate and up to 6.2 mm 
long. Plagioclase also contains zoning and melt inclusions. The 
clinopyroxene is anhedral and up to 5.6 mm long. Clinopyroxene 
crystals also contain melt inclusions. Olivine phenocrysts are 
subhedral to anhedral, up to 1.4 mm in length and may contain 
melt inclusions. The sample contains <1% plagioclase, 
clinopyroxene and olivine fragments and 5% palagonite. 
013 
Gabbro 
xenocryst 
The sample is 10% rounded and coalesced vesicles. The vesicles 
are within sideromelane glass, comprising 13% of the sample. 2% 
of the sample are opaques. Phenocrysts make up the last 75% of 
the sample, with 50% being plagioclase and 25% being 
clinopyroxene. The plagioclase ranges from euhedral to anhedral 
and contain zoning and melt inclusions with individual crystals 
reaching 3.8 mm in length. The clinopyroxene is anhedral and 
fractured, filling in around the plagioclase with no defined crystal 
shape, zoning or melt inclusions.  
014 
*Gabbro 
xenolith 
The sample is palagonite that is 45% vesicular with circular and 
coalesced vesicles.  
*This sample thin section was made of the incorrect side, so no 
gabbro xenolith is visible.   
015 
Gabbro 
xenolith 
The sample is 35% circular and convoluted vesicles. The vesicles 
are within partially palagonitized sideromelane glass that makes 
up 5% of the sample. Opaques comprise <1% of the sample. The 
phenocrysts are plagioclase and clinopyroxene. Plagioclase 
phenocrysts are 25% of the sample and clinopyroxene 
phenocrysts are 35%. The plagioclase phenocrysts range from 
euhedral to subhedral, contain zoning and occasionally melt 
inclusions. Individual phenocrysts are up to 2.4 mm long. The 
clinopyroxene is anhedral, filling in around the plagioclase with 
no defined crystal shape. The clinopyroxene also contains 
possible melt inclusions. 
016a 
Gabbro 
xenolith 
The sample is 2% convoluted vesicles around an additional 5% 
palagonite and 3% sideromelane glass. Opaques make up <1% of 
the sample, plagioclase phenocrysts are 45%, and clinopyroxene 
phenocrysts are 40%. Plagioclase phenocrysts are subhedral to 
anhedral, contain zoning, dissolution textures and melt inclusions. 
Plagioclase crystals range from 1.2 mm to 9.5 mm in length. 
Much of the clinopyroxene is anhedral, filling in around the 
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plagioclase with no defined crystal shape. Larger areas of 
clinopyroxene are euhedral and can be up to 12 mm in length.  
016b 
Gabbro 
xenocryst 
The sample is two attached plagioclase xenocrysts surrounded by 
palagonite. The main xenocryst measures 5.7 mm long and the 
smaller measures 3.6 mm. The xenocrysts are subhedral and 
display zoning. Both xenocrysts contain melt inclusions. 
018 
Unit 5 lava 
xenolith 
The sample is 60% rounded to polylobate vesicles. Phenocrysts 
comprise 5% of the sample with 3% plagioclase and 2% 
clinopyroxene phenocrysts. Plagioclase phenocrysts are 
subhedral, rarely contain zoning and are up to 1.5 mm long. 
Clinopyroxene phenocrysts are euhedral to subhedral and are up 
to 1.3 mm long. Smaller plagioclase and clinopyroxene crystals 
appear in glomerocrysts measuring up to 1.2 mm in length. 
Groundmass is 35% of the sample and is made up of tachylite 
with microlites of 20% plagioclase laths and 15% clinopyroxene. 
All microlites measure <0.1 mm. Palagonite is frequently present 
in vesicles.     
019 Glacial Unit 6 
The sample is 40% polylobate to convoluted vesicles. 
Phenocrysts are 35% of the sample with 30% plagioclase and 5% 
olivine. The plagioclase phenocrysts are euhedral to subhedral 
and are up to 7.1 mm long. Plagioclase phenocrysts also contain 
melt inclusions and zoning. The olivine phenocrysts are subhedral 
and up to 1.8 mm long. The groundmass is comprised of tachylite 
with plagioclase, clinopyroxene and olivine microlites making up 
25% of the sample and occasionally forming glomerocrysts. The 
plagioclase microlites are laths that are up to 0.4 mm long, the 
clinopyroxenes are occasionally euhedral and are up to 0.3 mm 
long and the olivine are up to 0.1 mm long.  
020 
Gabbro 
xenolith 
The sample is <1% vesicles. Opaques make up 6% of the sample 
and are either anhedral inclusions or fill in around crystals and are 
up to 2.8 mm long. Phenocrysts comprise 92% of the sample, 
with 55% plagioclase phenocrysts, 35% clinopyroxene 
phenocrysts and 7% olivine phenocrysts. The plagioclase 
phenocrysts are subhedral to anhedral, are commonly elongate 
and contain zoning. The plagioclase also contains melt and 
mineral inclusions and crystals are continuous throughout the 
sample. The clinopyroxene is anhedral and continuous around the 
plagioclase and may contain melt inclusions. The olivine 
phenocrysts are up to 2.0 mm in length and are anhedral. Olivine 
also is occasionally surrounded by secondary minerals. The 
sample contains 2% plagioclase and clinopyroxene fragments and 
is overall fairly weathered.   
021 
Gabbro 
xenolith 
The sample is 8% sideromelane and palagonite with 2% 
coalesced vesicles within the glass. 90% of the sample is 
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phenocrysts with 53% plagioclase, 30% likely olivine, and 7% 
unknown and requires further testing. The plagioclase 
phenocrysts grew together so there are few individual crystal 
boundaries, but existing boundaries are subhedral with the rest of 
the phenocrysts being anhedral. The phenocrysts contain zoning 
and occasional melt and other mineral inclusions. The likely 
olivine phenocrysts are subhedral and are up to 2.8 mm long.  
022 
Gabbro 
xenolith 
The sample is 3% coalesced to collapsed vesicles and 10% 
opaques. The opaques are anhedral and up to 1.9 mm long. The 
sample is also 12% an alteration mineral and 75% phenocrysts. 
The alteration mineral will require further testing for 
identification. Phenocrysts are 40% plagioclase and 45% 
clinopyroxene or olivine. Plagioclase phenocrysts are subhedral, 
measuring up to 3.2 mm. The plagioclase contains zoning and 
melt inclusions. The clinopyroxene is continuous and anhedral 
throughout the sample.  
023 
Gabbro 
xenolith 
The sample is <1% vesicles that are circular to convoluted and are 
within sideromelane glass that makes up 1% of the sample. 
Opaques make up 4% of the sample and are anhedral and fill in 
gaps between crystals. Phenocrysts comprise 95% of the sample, 
with 55% plagioclase, 38% clinopyroxene and 2% olivine 
phenocrysts. The plagioclase phenocrysts are subhedral to 
anhedral and are continuous. The plagioclase phenocrysts also 
contain zoning in addition to mineral and melt inclusions. The 
clinopyroxene is anhedral and fills in around the plagioclase. 
Continuous clinopyroxene crystals are up to 11.8 mm long and 
also contain melt inclusions. Olivine phenocrysts are anhedral and 
up to 2.1 mm long. The olivine phenocrysts contain melt 
inclusions. The sample contains < 1% plagioclase fragments. 
024 
Gabbro 
xenolith 
The sample is 5% vesicles that are circular to convoluted and are 
within sideromelane glass that makes up 3% of the sample. 
Opaques make up 7% of the sample and are anhedral and fill in 
gaps between crystals. Phenocrysts comprise 85% of the sample, 
with 60% plagioclase phenocrysts and 25% clinopyroxene 
phenocrysts. The plagioclase phenocrysts are subhedral to 
anhedral, adjoining and contain zoning. The plagioclase also 
contains melt inclusions and are up to 9.8 mm long. The 
clinopyroxene is anhedral and fills in around the plagioclase. 
Continuous clinopyroxene crystals are up to 12 mm long and also 
contain melt inclusions. The sample contains less than 1% 
plagioclase fragments.  
025 
Gabbro 
xenolith 
The sample is 5% vesicles that are convoluted. Opaques make up 
1% of the sample and are either anhedral inclusions or fill in 
around crystals. Phenocrysts comprise 90% of the sample, with 
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48% plagioclase phenocrysts, 22% clinopyroxene phenocrysts 
and 20% olivine phenocrysts. The plagioclase phenocrysts are 
subhedral to anhedral and contain zoning. The plagioclase also 
contains melt inclusions and crystals are continuous throughout 
the sample. The clinopyroxene is anhedral and fills in around the 
plagioclase and also contains melt inclusions. The olivine 
phenocrysts are up to 8.5 mm in length, contain fractures and are 
anhedral. At least one olivine phenocryst contains possible melt 
inclusions. The sample contains 4% clinopyroxene fragments that 
are <0.2 mm and the sample is overall fairly weathered with areas 
of weathering bands. 
026 
Gabbro 
xenolith 
The sample is 5% vesicles that are convoluted and are mainly 
within sideromelane glass, which makes up an additional 5% of 
the sample.  Opaques make up 2% of the sample and are either 
anhedral inclusions or fill in around crystals. Phenocrysts 
comprise 85% of the sample, and many display evidence of 
chemical dissolution and embayment. Plagioclase comprises 65% 
of the phenocrysts and 20% are clinopyroxene. The plagioclase 
phenocrysts are anhedral and contain zoning and melt inclusions. 
The plagioclase crystals are continuous throughout the sample. 
The clinopyroxene is anhedral and are up to 6.0 mm long. The 
sample contains 3% plagioclase and clinopyroxene fragments that 
are < 0.3 mm.  
027 
Gabbro 
xenolith 
The sample is 5% convoluted vesicles and 5% opaques that fill in 
around crystals. Phenocrysts are 90% of the sample with 60% 
plagioclase, 20% clinopyroxene and 10% olivine phenocrysts. 
The plagioclase phenocrysts are anhedral and contain zoning and 
melt inclusions. The plagioclase crystals are continuous 
throughout the sample. The clinopyroxene is anhedral, up to 8.0 
mm long and contains melt inclusions. Olivine phenocrysts are 
subhedral, up to 2.3 mm in length and contain melt inclusions. 
The sample contains <1% plagioclase, clinopyroxene and olivine 
fragments.   
028 
Historical pink 
lava flow 
The sample is 50% rounded to polylobate vesicles. Plagioclase 
phenocrysts comprise 5% of the sample and are subhedral, do not 
contain zoning and may contain melt inclusions. One plagioclase 
phenocryst measures 7.1 mm long, but the rest of the phenocrysts 
are up to 1.1 mm in length. Smaller plagioclase and 
clinopyroxene crystals appear in glomerocrysts measuring up to 
1.2 mm in length. Groundmass is 35% of the sample and is made 
up of tachylite with microlites as an additional 10%, with 8% 
being plagioclase laths and 2% clinopyroxene. Plagioclase 
microlites are up to 0.3 mm and clinopyroxene up to 0.1 mm. 
Palagonite is frequently present in vesicles.     
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029 
Historical 
yellow lava 
flow 
The sample is 10% rounded to convoluted vesicles. Phenocrysts 
comprise 5% of the sample with 4% plagioclase and 1% 
clinopyroxene phenocrysts. Plagioclase phenocrysts are euhedral, 
contain zoning and are up to 1.2 mm long. Clinopyroxene 
phenocrysts are euhedral to subhedral and are up to 0.3 mm long. 
Small and larger crystals tend to form glomerocrysts measuring 
up to 1.6 mm in length.  Groundmass is 5% of the sample and is 
made up of tachylite with microlites as an additional 80%, with 
50% being plagioclase laths and 30% clinopyroxene. All 
microlites measure <0.1 mm. Palagonite is occasionally present in 
vesicles.     
030 
Gabbro 
xenolith 
The sample is <1% vesicles and 10% opaques that fill in around 
crystals. Phenocrysts are 90% of the sample with 40% plagioclase 
phenocrysts, 40% clinopyroxene phenocrysts and 10% olivine 
phenocrysts. The plagioclase phenocrysts are subhedral to 
anhedral and are continuous throughout the sample. Plagioclase 
also contains zoning and melt inclusions. The clinopyroxene is 
anhedral, up to 5.8 mm long and contains melt inclusions. Olivine 
phenocrysts are anhedral, up to 4.0 mm in length and may contain 
melt inclusions. The sample contains <1% plagioclase, 
clinopyroxene and olivine fragments.   
031 
Gabbro 
xenolith 
The sample is <1% vesicles and 5% opaque minerals. The 
opaques are either anhedral inclusions or fill in around crystals 
and can be up to 2.4 mm long. Phenocrysts are 95% of the sample 
with 40% plagioclase phenocrysts and 55 % clinopyroxene 
phenocrysts. The plagioclase phenocrysts are subhedral to 
anhedral and are continuous throughout the sample. Plagioclase 
also contains zoning and melt inclusions. The clinopyroxene is 
subhedral to anhedral and are up to 4.3 mm long. The sample 
contains no smaller fragments but does contain secondary 
minerals.  
032 
Gabbro 
xenolith 
The sample is 2% convoluted vesicles and 3% opaques that are 
anhedral inclusions or that fill in around crystals. Phenocrysts are 
95% of the sample with 50% plagioclase phenocrysts, 35% 
clinopyroxene phenocrysts and 10% olivine phenocrysts. The 
plagioclase phenocrysts are subhedral to anhedral and are 
continuous throughout the sample. Plagioclase also contains 
zoning and melt inclusions. The clinopyroxene is anhedral and 
continuous with areas up to 11.5 mm long. Clinopyroxene 
crystals also contain melt inclusions. Olivine phenocrysts are 
subhedral to anhedral, up to 2.5 mm in length and may contain 
melt inclusions. The sample contains <1% fragments and <1% 
palagonite. 
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033 
Gabbro 
xenolith 
The sample is <1% vesicles and 7% opaques.  The opaques are 
either anhedral inclusions or fill in around crystals and can be up 
to 1.2 mm long. Phenocrysts are 92% of the sample with 50% 
plagioclase phenocrysts and 40% clinopyroxene phenocrysts. The 
plagioclase phenocrysts are subhedral to anhedral, are continuous 
throughout the sample and have excessive sieve textures from 
melt and opaque inclusions. Plagioclase also contains zoning. The 
clinopyroxene is anhedral and continuous with areas up to 3.2 
mm long. Clinopyroxene crystals also contain melt and opaque 
inclusions causing sieve textures. The sample contains 3% 
plagioclase, clinopyroxene and olivine fragments in addition to 
secondary minerals. 
034 
Gabbro 
xenolith 
The sample is <1% vesicles and 2% anhedral opaque minerals. 
Phenocrysts are 90% of the sample with 40% plagioclase 
phenocrysts and 50 % clinopyroxene phenocrysts. The 
plagioclase phenocrysts are subhedral to anhedral and are 
continuous throughout the sample. Plagioclase also contains 
zoning and melt inclusions. The clinopyroxene is anhedral, are up 
to 10.2 mm long and have melt inclusions. The sample contains 
<1% plagioclase, clinopyroxene and olivine fragments and is 8% 
palagonitized glass. 
035 
Gabbro 
xenolith 
The sample is a compilation of three similar gabbro xenoliths.  
The sample is 2% convoluted vesicles and 8% anhedral opaque 
minerals that are up to 3.8 mm in length. Phenocrysts are 88% of 
the sample with 40% plagioclase phenocrysts and 48 % 
clinopyroxene phenocrysts. The plagioclase phenocrysts are 
euhedral to subhedral and are elongate laths. Phenocrysts are up 
to 4.0 mm in length and contain rare zoning and melt inclusions. 
The clinopyroxene is anhedral, are up to 6.1 mm long and have 
melt inclusions. The sample contains 2% plagioclase, 
clinopyroxene and olivine fragments <0.4 mm long and is <1% 
palagonitized glass.  
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